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Abstract. The Family Ronieriidae, ancestral to Introductonj note. Much of the careful and thor-

most major reptilian groups, is represented by nu- ough preparation of the romeriids described in

merous specimens in the Lower Permian of Texas, this paper was accomplished by John Clark while

West \'irginia, and Oklahoma. Two lineages can he was a graduate student at Harvard between
lie recognized. One, characterized by the genus 1948 and 1954. He also made many preliminary

ProtoivtJiyris archeri, is a continuation of the main drawings of the specimens and had begun descrip-

Pennsylvanian stock in which the upper tooth row tion of several species as a basis for his Ph.D
is horizontal. A species from West X'irginia, orig- thesis. This work was continued b\' Mr. Clark at

inall\' placed in a distinct genus, MclauotJiyiis Nhu^ietta College where he taught for a number of

Diorani, is here considered as only specifically dis- years. Stuil\ of these specimens was interrupted
tinct from /'. archeri. A second group, in \\hich by Mr. Clark's death in 1967. In 1968, Dr. Romer
the premaxilla is hooked, is t\pified b\ Roineria asked me to prepare this material for publication.
texana. Within this group, a new species, Romeria In general, the scope of this paper corresponds

priimis, and a new genus, ProtoeaiJlorliiiiits ))rieei, with that of John Clark's preliminary work. Be-

are named. A sequence of forms w ithin diis group cause research on tlie origin of reptiles and the

demonstrates an almost complete transition between anatonn- of Pennsylvanian romeriids has been pub-
the families Romeriidae and Captorhinidae. The lished 1)\- other authors since the initiation of Mr.

Captorhinidae can be differentiated from the Clark's thesis, some of the broader phylogenetic
Romeriidae b\' the conspicuous lateral expansion problems that he was considering are not discussed

of the cheek region. In the late Belle Plains and in this paper. Nexertiieless, his extensive work witli

Clyde Formations of Texas, captorhinids are rep- this material fully justifies his recognition as senior

resented by a genus closcK' resembling CaptorJiiniis, author.

but having only a single marginal tooth row. In Robert L. Carroll

Texas, Captorhinus agiiti is not known widi as-
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INTRODUCTION

The earliest known reptiles and the an-

cestors of most, if not all, advanced mem-
bers of the class are included within the

Family Romeriidae. This family was first

recognized by L. I. Price (1937) in his de-

scription of skulls from the Lower Permian

of Texas. Other specimens, also discovered

by Price, were assigned to this group by
Watson (1954). Subsequently, a number

of species from the Pennsylvanian have been

described as members of this family (
Car-

roll, 1964, 1969a; Carroll and Baird, 1972).

Despite their great taxonomic significance,

the Permian romeriids have never been thor-

oughly described. The palates and post-

cranial skeletons have never been illustrated

and their relationships to contemporary and

derivative groups have been considered onl\-

in a cursory manner. The excellent preser-

vation of these specimens enables very de-

tailed illustrations and descriptions to be

made, and these in turn provide a basis for

specific comparisons with other groups of

primitive reptiles.

The Lower Permian romeriids are the

voungest known mcMubc^-s of a famih' that

can be traced back to the early Pennsylva-

nian. Although several lineages of Pennsyl-

vanian romeriids can be recognized, the

genera described in this paper appear to

ha\'e a common ancestry within the Per-

mian. This, together with the fact that most

are represented primarily by very well-

preserved skulls, makes it practical to dis-

cuss them separately from the Penns\l\a-

nian members of the family.

Among the material collected b> Price,

two lineages may be recognized. The more

conservative, represented by Protowthyris,

is a continuation of the main Pennsylvanian

lineage of Hylonomus from the Westphalian

B and Paleothyris from the ^^'estl^halian D.

The number of marginal teeth is large, the

upper tooth row is horizontal and there are

two pairs of "canines" near the front of the

maxilla. The other assemblage is first rec-

ognized in the Moran Formation (see Figs.

21 and 22 for stratigraphic position of the

specimens), contemporary with Protow-

thyris. It is represented by one specimen
from that horizon, Roiueria texana from the

Putnam, and others from the Admiral and

Belle Plains. This stock demonstrates a

transition toward the Family Captorhinidae.
The premaxilla is hooked, the tooth row be-

comes progressively shorter and the canines

less pronounced.
The Texas Redbeds, from which most of

these specimens have come, represent an

area of essentially continuous deposition

over some 15 million >ears of the Lower
Permian. The predominant environment

is deltaic, but with many subenvironments

repres(>nting rivers, streams, swamps, and

small lakes. It is apparent that few really

upland forms are preserved. Reptiles are

i-elatively rare in the early beds, but attain

complete^ dominance b>' the end of the

se([uence.

Although indixiduals are rare, the known
romeriids apparently represent quite well

the total range of diversity of the group; at

least, all the specimens can be fitted into a

simple and consistent phylogenetic pattern.

Despite the dixcrsity and numerical domi-

nance of their descendents, the romeriids

themselves were apparently very rare ele-

ments of the Lower Permian fauna, in con-

trast with their local abundance in the

Penns\'lvanian.

The species will be described in taxo-

nomic and stratigraphic sequence, begin-

ning with the more primitive of the two

genera from the Moran Formation.
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Figure 1. Sketches of romeriid skull showing position of measurements given in Table I. LS-length of skull; WS-width

of skull; HC-height of cheek; WT-width of skull table; LM-length of skull margin; LT-length of tooth row; LO-length

of orbit; PL-postorbital length; AL-antorbital length; l-ongle of posterior margin of cheek; ll-angle between cheek

and skull table; Ill-angle of premaxillory tooth row. Area with heavy lines Indicated by checks and crosses is

sured as total palatal area. Shaded portion is measured as cross section of subtemporal fossa.
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SYSTEMATIC DESCRIPTIONS

Class REPTILIA

Subclass ANAPSIDA
Order Cotylosauria
Suborder Captorhinomorpha
Family ROMERIIDAE
Genus Protorothyris Price 1937

Type species Protorothyris archeri Price

Melanothyris Romer, 1952: 92.

Revised generic diagnosis. Large romer-
iid captorliinomorpli. Primitive pattern of

bones of skull roof. Both tabular and supra-

temporal retained. Bones markc^d by uni-

loriiil)- distriljuted shallow pits. Posterior

margin of the parietal deeply embayed for

[)ostparietal and tabular. Postorbital does

not extend onto skull roof. Premaxilla not

down-turned. Primitive marginal dentition.

Twent\-f()ur to 30 maxillary teeth, two pairs
of enlarged "canines." The \entral margin
of the transverse flange of the pterygoid
bears a row of large denticles. Ectoptery-

goid present. Ossified portion of the

opisthotie does not reach s({uamosal. No
retroarticular process. Axis intercentrnm

not a separate ossification. Skull ecjual in

length to 12 to 14 trunk \ei-tebrae. Neural

spines tall and narrow, not sculptured. Two
sacral vertebrae. Humerus lacking supina-
tor process and entepicondxlar ridge. Scap-
ulocoracoid ossified as a single unit. Two
species known, P. archeri from the Lower
Permian of Texas and P. marani from the

Dunkard of West Virginia.

Proforothyris archeri Price

Figures 2-6 and fold-out

Protorothyris arclicri Price, 1937: 98.

Specific diagnosis. Same as for genus,

except that there are 29 to 30 maxillar\^

teeth. The length of the teeth increases be-

hind the canines but none in this series is

especialh' larger than those immediately ad-

jacent. Jugal is wide beneath orbit. There
are apparenth' no denticles on the para-

sphenoid.

Horizon and locality. Moran Formation,
Wichita Group, Lower Permian, Cotton-
wood Creek, Archer Count\', Texas, about
50 feet below the Sedwick limestone equiv-
alent.

Holotype. MCZ1532 —skull and anterior

portion of postcranial skeleton. Referred

specimens: MCZ2149 —laterallv compressed
skull. MCZ 2148—laterally

'

compressed
skull lacking snout region. Pectoral girdle
and anterior vertebrae. MCZ2150 —dorso-

ventrally compressed skull and postcranial
elements. MCZ2147 —

dorsoventrally com-

pressed skull; this specimen could not be
located during this study.

Protorothyris archeri is represented by
fi\-e specimens, all from a single locality in

the Moran Formation, Lower Permian of

Texas. All were collected by L. I. Price,

who describc'd the first specimen in 1937
as a member of a new family, Protorothyr-
idae. One specimen (MCZ 2150) is very
poorh' preserved and has been only par-

tially prepared. The description of the spe-
cies is based primarily on the remaining
animals. Two skulls are compressed later-

all\ and two dorsoxentrally. All are sub-

stantialh- the same size. The restoration is

based primariK on the t\pe, with details

contributed from the other specimens.
Skull. The skull, like those of Hylononms

and Paleothyris, is long and narrcnv. The

significance of this feature will become
more evident when the lineage including
the genus Romeria is discussed. The height
of the cheek region is roughh' equal to the

width of the skull table. Tlie width at the

quadrates is approximately 50 percent

greater than that of the skull table. The to-

tal length of the type skull is 56 mm, the

width at the quadrates, 31 mm. The orbits

are situated slightly posterior to the middle
of the skull. The cheek region and skull

roof are uniformh' sculptured with a pattern
of e\'enl)' distributed pits and grooves. The

pattern is more pronounced than in any of

the Pennsylvanian romeriids. The anterior

portions of the nasal and the lacrimal, as

well as the maxilla and premaxilla, are
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Figure 2. Protorothyris archeri. Skull Is A, lateral; B, occipital; C, dorsal; and D, palatal views. Type MCZ 1532. XI '/;•

nearly smooth. The pattern of the bones of

the skull roof is very similar to that noted

in Paleothyris and Brouffia. The configura-
tion of the individual elements is somewhat

different, however. The parietals are very

deeply embayed posteriorly for the post-

parietals, with the dorsal surface of the

bone extending posterolaterally as a narrow

process to the corner of the skull table. The

parietal embayment is presumably devel-

oped to accommodate a forward extension

of the axial musculature.

The tabulars and postparietals are them-

selves insubstantial bones of little structural

significance. For most, if not all, of their

extent they are underlain by the parietals.

The postparietals are thin sheets of bone

that are readily displaced. The tabular has

no connection with the braincase, nor does

it ser\'e to strengthen the attachment of the

skull roof to the cheek region. It appears
to be little more than a relict from an ear-

lier stage of evolution. The supratemporal
is a narrow strip of bone, supported dorsally
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Figure 3. Protorothyris arcberi. Restoration of skull, based primarily on the type. A, lateral; B, occipital; C, dorsal; and

D, palatal views of the skull. E and F, ventral and medial views of lower jaw. Xl"/L'- Abbreviations indicated on

page 360.
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by the posterolateral extension of the pari-

etal and extending ventrally to the squamo-
sal.

The parietal overlaps the dorsal margin
of the postorbital and squamosal. Some
movement was probal)ly possible between
the cheek region and skull roof in the living

animal. The posterior margin of the squa-
mosal is no more than 17 degrees from thc>

x'crtical. The bone extends a considerable

distance medially to surround the postero-

dorsal portion of the quadrate. The pos-
terior margin of the quadrate ramus of thc>

pterygoid underlies the occipital portion of

the squamosal. There is no particular area

of the s(|uamosal that gives e\'idenee of

having supported the tympanum.
The superficial extent of the quadrato-

jugal differs from skull to skull as a result

of thc> variable preservation of the thin

overlapping ventral margin o{ the s([uamo-
sal. Except posterior))', the superficial ex-

posure is (|uite limited and shows httle, if

any, sculpturing. It reaches to the jiosterior

margin of the jugal.

The jugal differs from that of all Penn-

sylvanian romeriids in the relati\'ely greater

width Ixneath the orbit. This is related to

the absolutely larger skull size of Protoro-

tJu/ri.s and the relatively smaller size of the

orbit. The bone also extends further an-

teriorly than in the smaller forms. As in the

P(>nns\ hanian genera, the postorbital is re-

stricted to the cheek region and is over-

lapped by, but not suturalh' attached to, the

parietal. In other Permian genera, the

postorbital extends onto tlie skull roof to

establish a somewhat firmer union between
it and the cheek.

The maxilla is distincti\'e in ha\"ing a very
narrow superficial exposure beneath the pos-
terior half of the orbit. At the level of the

sixth tooth from tlie rear, the width of the

bone suddenly increases. There are five small

teeth at the front of the maxilla, two much

larger "canines," and room for 23 "cheek

teeth"; the length of these teeth is greatest

in the middle of the series and decreases

gradually, anteriorly and posteriorly. This

is particularly noticeable in MCZ2149
( Fig.

4A). The immediate post-canine tooth is

as long as those in the middle of the series.

The teeth are simple cones, bluntly pointed
at the tip. The tooth row continues in a

horizontal plane onto the premaxilla; this

bone is not down-turned, as in more special-
ized Lower Permian romeriids. There are

four premaxillary teeth, the anteriormost

l)eing the largest. The length decreases

toward the maxilla, with the length of the

ABBREVIATIONS

a
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Figure 4. Proforotbyrh archeri. A-D, lateral, dorsal, and occipital views of skull and medial view of lower jaw,

MCZ 2149. E and F, occipital and lateral views of skull, MCZ 2148. XT'/I'.

anterior maxillar)' teeth increasing toward

tlie rear.

The palate is well e.xposed in the t> pe.

Unlike the condition in Coptorhinus, a dis-

tinct o\"al ectopterygoid is retained. The
tranverse flange of the pteiygoid bears a

row of large teeth. Finer rows of denticles

extend from the basicranial articulation

obliquely laterally toward and onto the

palatine. A second row runs anteriorly, near

the midline toward the \omers. The vomers

carry a continuation of this row and a

further row along the margin of the internal

nares. There are narrowly triangular inter-

pterygoid vacuities which extend for one-

half of the length of the pterygoids. An-

teriorly, the portion of the pterygoid medial

to the longitudinal row of denticles extends
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dorsally at a slight angle. The ends of the

pterygoids come to a point, separating the

vomers for half of their length. The c^uad-

rate ramus of the pterygoid continues as a

broad vertical plate to support the medial

surface of the quadrate and makes contact

with the squamosal posteriorly. Tlie para-

sphenoid resembles that of other romeriids

in its proportions. Neither the body nor

the cultriform process bears any denticles.

The internal nares are long oval openings
that extend posteriorly to the level of the

14th maxillary tooth.

The occiput and posterior portion of the

braincase arc distorted in all of the speci-

mens but can be readih' reconstructed.

The supraoccipital is a wide, thin plate of

bone incised x'cntrally for the foramen mag-
num. The ossified portion extends laterally

beyond the limits of the ]i()st]oarietals, but

does not make contact with either the tabu-

lar or squamosal. There are large, but ill-

d(>fined posttemporal fossae. In contrast

with the known Pennsylvanian romeriids.

the otic capsules are at least partialK'

ossified. They appear incomplete laterally.

They extend toward the s(iuamosal, but

there is no evidence that they reached

the cheek region. \'entrall\, the opisthotic
forms the posterior margin of a large fenes-

tra ovalis. Neither the prootic nor epipter\-

goid can be seen in these specimens.
The exoccipitals are narrow bones, each

bearing a facet for the proatlas. They are

almost indistinguishabh' fused to the basi-

occipital. The stapes follow the t>^pical pat-

tern in earl\- reptiles, with a broad foot-

plate fitting into the large fenestra ovalis

and braced by the parasphenoid \'entrally.

There is an oblong stapedial foramen just

proximal to the dorsal process. The stem

extends as a stout rod toward the quadrate.
The quadrate, like that of other romer-

iids, has a broad articular surface, separated
into a large lateral condyle and a trans-

versely elongate oval medial knob. The an-

terior portion of the surface is obscured in

all the specimens. Dorsally, the bone nar-

rows to a thin blade that extends nearly to

the top of the squamosal. The lateral mar-

gin is notched, adjacent to the quadrato-

jugal, for the f[uadrate foramen. Medially
the bone has a broad depression, opposite
the end of the stapes. A narrow process of

die pterygoid extends ventrally, just an-

terior to this depression.

The lower jaws arc clenched shut in all

specimens, but most significant features can

be seen. No spcx'imen shows all the teeth

in place, but a count of 35 would agree

closely with that in the upper jaw. The
articular is \ isible posteriorly and laterally

at the margin of the angular and surangular
but there is no retroarticular process. Tlie

medial extension of the articular pro\'ides

spac(> \'entrally, where this bone is sheathed

by thc> prearticular, for the insertion of the

pterygoideus musculature. The prearticu-
lar extends anteriorly to approximately the

le\('l of the eighth tooth from the rear.

Much of the inside surface of the jaw is

formed by the splcm'al. At the junction of

this bone with the angular is the small in-

hamcckcliaii fossa. The coronoid area is

not clearly visible in any specimen, except
lateralK". where the posterior element makes

up the margin of a very low coronoid proc-
ess. The external surface of the lower jaw
is not sculptured. The suture between the

angular and surangular is very difficult to

see and so its course can only be approxi-
mated in the restoration. The splenial is

not exposed laterally.

The skull of Protorothyris archeri differs

from that of Pennsylvanian romeriids pri-

marilv bv its greater size (compare with

Table I in Carroll and Baird, 1972). The

greater extent of the jugal beneath the orbit

is a consequence of the relatively smaller

size of the orbit. The deep posterior em-

bayment of the parietals for the greater an-

terior extent of the axial musculature is a

further distinguishing characteristic. On
the basis of the current fossil record, this

genus is the last known member of this par-

ticular romeriid lineage.

Postcraniol skeleton. Postcranial elements

are known for three specimens of Protoro-
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thyris archcri: the type, MCZ 2149. and

MCZ2150. Much of the skeleton is repre-

sented, except for the feet and the tail. The
anterior IS \ertebrae are preserved in the

type, as well as a series of three from the

more posterior trunk region and two from

immediateh- anterior to the sacrals. The
minimum number of 23 presacrals may well

be too short. The column is restored as ha\-

ing 29, the number in the largest of the

Pennsylvanian romeriids, Coeloste^us. As

was noted in the earlier members of the

family, the ratio of head to trunk increases

in proportion to the total body size. In

Frotor othijrls the head was approximate!}'
50 percent the length of the presacral col-

unm.
The basic structure of the vertebrae re-

sembles that of Paleothijris. Neither the

proatlas nor the atlas intercentrum is \isible,

but th(> remainder of the atlas-axis complex
is typical of romeriids. The left atlas arch

ill the t\pe is crushed down on the axis

arcli. The posterior portion of the right is

present in MCZ2149, atop a broken pleuro-
centrum. Although not well preserved,
these elements can be restored according to

the pattern in other romeriids. The axis is

well shown in tlu> type. The spine is a

large, hatchet-shaped structure, very simi-

lar in configuration to that of the pelyco-
saur OpJiiacodon. The anterior margin

overhangs the atlas arch. The posterior

edge tips slightly posteriori)' from the ver-

tical and shows a series of grooves for at-

tachment of the interspinous ligaments. The
arch is indistingviishabh' fused to the cen-

trum. As can be seen in dorsal \'iew (Fig.

5), the transverse processes of the axis and
other anterior vertebrae are ver}^ long.
Their total lateral extent is nearly twice the

width of the zygapophyses. All of the pre-
served ti'unk vertebrae haxe much longer
neural spines than those of other romeriids.

The\' are not expanded anteroposteriorly as

in Anthracodromeus, however.

The elongation of the anterior spines can

be associated with the need for additional

support of the disproportionately large

skull. The spine of the sixth vertebra in the

type is shorter and rounded dorsalh', rather

than having a constant width. This modi-

fication would ha\e allowed greater dorsal

flexure of the neck. Such specialization is

noted in other romeriids as well, but mav
affect different vertebrae (e.g., the third

in Anthracodromeus) . In MCZ 214S, the

atlas and axis are not preserved. Judging
from the configuration of the ribs, the first

v'ertebra preserved in the third. The spine
is almost nonexistent. This may be a pecu-

liarity of this particular specimen, or indi-

cate a range of variabilit\' in which one of

the cervical vertebrae is specialized to allow

flexure. None of the more posterior cervi-

cals in this specimen is so modified.

The length of the transverse processes
dc>creases posteriorly. Throughout the col-

umn the arch(S and centra are firmly at-

tached without (>\idencc of suture. Small

crc\scentic intercentra are in place through-
out the column.

Several vertebrae are associated with the

pelvic girdle. The two presacrals are badly
crushed, obscuring the structure of the

neural spines. The sacrals resemble those

of Paleothijris, in that the more anterior

bears the principal sacral rib and the second

has a smaller supporting role. These verte-

brae in Protorothijris archeri are too poorly

preserx'cd to distinguish them from those

of the trunk region. Two poorly ]Dreser\'ed

vertebrae are present behind the sacrum.

The spine of the first is apparently com-

plete but is half the length of those in the

cervical region. As in most romeriids, the

major portion of the tail is missing.
All the ribs ha\e clearly separated heads.

This is particularly conspicuous in the cer-

\icals, in which the transverse processes are

particularly long. The first three ribs have

narrow shafts that probably extended ven-

trolateralh', as do those in pelycosaurs, al-

though their original orientation is difficult

to reconstruct from the crushed specimens.
The fourth and fifth ribs have wide shafts

and definiteh' extended posterolaterally to

form extensive supports for the endo-
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Figure 5. Protorothyris archeri. Postcranial elements of type, MCZ 1532. A, shoulder girdle and anterior axial skeleton

in dorsal and ventral views. B, dorsal and ventral views of distal end of left humerus. C, dorsal and ventral views of

sacral vertebrae and pelvis. D, lateral view of left side of pelvic girdle. E, three posterior trunk vertebrae. F, left

tibia in anterior, posterior, medial, and lateral views. Xll2-
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Figure 6. Protorothyris archeri. Postcranial elements. A, B, C, and D, various views of shoulder girdle, MCZ 2148. E

and F, restoration of shoulder girdle in medial and lateral v\ews. G, obliquely anterodorsal view of the scapulocoracoid

showing position of foramina on medial surface. H, anterior view of left clavicle. I, ventral view of distal end of humerus,

ulna, and radius, MCZ 2150. J, dorsal, ventral, anterior, posterior, and proximal views of femur, MCZ 2150. X1^2-

chondral shoulder girdle. Most, if not all, of

the ribs in the trunk region are incomplete

distally. The pattern shown in the skeletal

restoration is based on the maximum length
of the ribs presented. No ribs are present
between the eighteenth trunk vertebra and
the sacrum. The pattern of the sacral ribs

is e\'idently similar to that described in

Paleothyris, although the preservation here

is too poor for further elaboration. No cau-

dal ribs are preserved.
The shoulder girdle is superblv shown

in the type and MCZ2149 (Figs. 5 and 6).
It does not differ substantiallv from that of

Paleothyris, but some details are more

clearly shown. The cleithrum is a simple,

compressed rod of bone fitting into a well-

defined groove at the anterolateral margin
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of the clavicular stem. It was not attached

to the scapula, as that bone is ossified in

these specimens. The lateral margin is

gently rounded throughout its length. The
clavicle is somewhat simpler than in earlier

romeriids and pelycosaurs in that the pos-
terior margin of the shaft does not swell

out to form a superficial flange for the at-

tachment of the clavicular portion of the

deltoid muscl(\ The entire shaft is very
narrow anteroposteriorly. It is not notice-

ably grooved posteriorly to accommodate
the scapula, but lies entirely lateral to that

bone. The blade is slightly sculptured. The
anterior margin of the blade extends an-

teriorly at about a 15'^ angle from the trans-

verse plane. Posteriorly the blade expands
to about six times the width of the very
narrow stem. The interclavicle has a \'ery

wide, diamond-shaped plate, recessed an-

teriorly for the clavicles, except for a nar-

row isthmus at the midline. The stem is

long, narrcnv, and forked at the tip.

The scapulocoracoid is ossified as a single

element, without the slightest trace of su-

tures separating the scapula and the cora-

coid(s). The dorsal margin of thc> scapula
as preserved was probably continued for a

short distance dorsally in cartilage, but this

portion of the endochondral girdle remains

much shorter than its counterpart in any

pelycosaur. As ossified, the anterodorsal

margin of the blade is recessed behind the

eleithrum. The posterior margin is essen-

tially vertical. Anteroventrallv, the coracoid

portion bulges beyond the clavicular stem.

The coracoid regions curve strongly medi-

ally from each side to approach each other

at the midline, at least anteriorly. Tlie

glenoid is short, \\'ith the anterior margin

slightly below the posterior, but otherwise

similar to that of other romeriids and pely-
cosaurs. Behind it there is a prominent

process for the attachment of the coronoid

head of the triceps. This structure is com-

mon in pelycosaurs, but not reported in

other romeriids. The supraglenoid foramen

opens just anterior to the supraglenoid but-

tress, near its apex.

In addition to the coracoid foramen open-

ing (
for the supracoracoid nerve and blood

vessels
)

beneath the anterior buttress of the

glenoid, there is a second, smaller opening
on the more ventral and anterior portion of

the anterior coracoid region. As in ophiaco-
dont pelycosaurs, there is an area of un-

finished bone at the posteroventral corner

of the posterior coracoid that would have
been continued in cartilage.

The medial surface of the scapulocora-
coid is marked by two prominent ridges.

One, as in pelycosaurs, extends vertically,

medial to the supraglenoid buttress. The
second diverges from the base of the first

and runs antero\'entrall\' toward the middle
of the anterior coracoid region. It is sharply
demarcated from the more ventral and pos-
terior coracoid area. Dorsally, the ridge is

deeply undercut for the subcoracoscapular
fossa. The coracoid foranuMi opens into this

area just anterior to the vertical ridge.

A further, small foramen can be seen near

the apex of the ridge, just anterior to the

divergence lioiii tlic \ertical support. A
small opening for the anterior coracoid

foramen can be seen at the base of the

dorsal surface of the anteriorly directed

ridge, just posterior to where it merges with

the flat anterior coracoid region.
In the type and MCZ2149, the proximal

ends of the humeri are in place in the

glenoid. They resemble the general pat-
tern of romeriids and Captorhinus. The
middle of this shaft is not preserved. The
distal end is present in the type and in

MCZ2150. There is apparently neither an

ectepicondylar ridge nor a supinator proc-
ess. In lacking these features the humerus
resembles that of HyIonu>nu.^ rather than

Paleothyris or Captorhinus. The preserva-
tion is not good in either specimen, how-
ever.

The ulna and radius in MCZ 2150 are

very lightly built, but not well enough pre-

served for detailed comparison with other

romeriids. The olecranon is ossified and

the distal articulating surface is narrow.

The carpals are not preserved. Judging
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from other romeriids, tlicx' \\(>rc probal^h-

ossified, but no e\"idence is afforded by
tliese specimens. Metacarpals and or prox-
imal phalanges are preserved in MCZ2150,

but their specific identit\- cannot be estab-

lished.

Except for the iliac blades, the entire

pehic girdle is preserved in the t\"pe. The
basic pattern resembles that of llijlonomus,

PalcotJiyris, and Brouffia. but few surface

details are evident. The base of the iliac

blade is narrow, but there is no indication of

its normal length. The badl\- crushed heads
of both femora are present in each acetabu-

him. Details can be seen much more readil\"

in MCZ2150. It resembles closel\- that of

PalcotJiyris. The distal end is not known.
The isolated proximal end of a tibia is asso-

ciated with the t\pe. The general configura-
tion of the femur and tibia suggests that

the proportions of the rear limbs were
similar to those of PalcotJiyris. Neither

tarsals nor any elements of the rear foot

are known.

A great many ventral scales are pre-
served in more or less their natural associa-

tion in the t\ pe. The)' ha\e the usual open
lattice, chevron pattern of primitive rep-
tiles. The proximal end of the medial scales

is expanded to o\erlap with the scale from
the opposite side. Each scale is very long
and narrow. Two or three ranks are \isible

posteriorly.

Di.scu.ssion. ProtorotJujris arcJwri is the

last known member of a conservatixe romer-

iid stock going back to the Lower Penn-

syKanian. Except for a slight increase in

size, it shows a continuation of the basic

pattern established b\' Hylonomus and

PaleotJujris in the Lower and Middle Penn-

sylv^anian. The conser\ative skull propor-
tions and the nature of the dentition in-

dicate a similar diet and manner of catching
and consuming tlie pre\- throughout this

entire period of time. Throughout the skele-

ton there are sufficient differences to rec-

ognize a series of genera, but the basic way
of life must have remained nearly constant.

The larger bod\' size is the culmination of

a general trend to increased size within the

family as a whole. Judging from the body
proportions of Pennsyhanian species, the

disproportionately large head to trunk ratio

is a direct consequence of the overall size

increase. Despite the considerable longevity
of the lineage, it does not seem to have
sur\i\ed past the earliest Permian. Fossils

of a wide range of reptiles and amphibians
are common in the later Redbeds of Texas,
but no sur\i\ors of this particular lineage
have been described. Romeriids and their

successors are known throughout the Lower
P(>rmian but the primitix'e central stock ap-

parently become extinct prior to the deposi-
tion of the Putnam Formation.

Although lepidosaurs and archosaurs

probably arose from this particular lineage,

these groups apparenth' e\'olved from gen-
era of a slighth' mor(> primitix'e morphol-

og\- than the known Permian forms.

Proforofhyris morani (Romer), new
combination

Figure 7

Melanothijris morani Romer, 1952: 92.

In a preliminary report, Romer (1952)
described a new species of romeriid from

the Dunkard Group of West \'irginia,

MelanotJiyris morani. based on a number
of small skulls. No illustrations were in-

cluded, but he compared the form to the

Texas genus Romer ia. Preparation of this

material indicates that the skulls are no
more than specifiealK" distinct from Protoro-

tJujris arcJwri.

Specific diapiosis. ProtorotJujris uiorani

resembles the type species, P. arcJicri, ex-

cept for the smaller number of maxillary
teeth (24-26 rather than 29-30) and the

presence of two teeth noticeably larger than

the remainder in the series posterior to the

canines. The cultriform process bears a row
of small denticles, apparently not present
in the t\'pe species. All known specimens
are small (the skull length ranging from 31

to 34 nnn ) . and are apparenth' immature.

The jugal is narrow beneath the orbit, but
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Figure 7. Proforofhyris moron/. A, type, CM 8617, skull in lateral, dorsal, and occipital views. B, MCZ 2151, skull in

dorsal and palatal views with associated postcraniol elements, anterior neural arches in lateral view. C, MCZ 2152, skull

in dorsal and palatal views. D, MCZ 4111, crushed skull. E, MCZ 4110, bock of skull in dorsal view and portion of left

cheek region. F, restoration of skull, dorsal, palatal, lateral, and occipital views. XI Vj-
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this may be a result of immaturity and not

a distinguishing feature from P. archeri in

tlie adult.

Locality and horizon. Dunkard loealit\'

9 (see Romer. 1952) near B]aeks\ille, West

N'irginia. Equi\'alent to the lower Wichita

Group of Texas.

Type. CM (S617. Skull, laterally com-

pressed.

Referred .specimens. MCZ 2151, dorso-

\(Mitral]\ compressed skull and associated

postcranial material. MCZ 2152, well-

preserved skull. MCZ4110, posterior por-
tion of skull roof and left cheek region.

MCZ4111, badly crushed skull. MCZ4112,

dorsoNcntrally crushed skulk MCZ 4113,

incomplete skull associated with MCZ2151.

Other specimens in the collection of the

Carnegie Museum.
The Dunkard species is represented by

se\'en skulls, ranging from 31 to 34 mmin

leiigtli. All are substantialh smaller than

the adult specimens of other Permian
romeriids. The skulls show some evidence

of immaturity (see subse{|uent discussion),
hut the adults may ha^'e been small as well.

Important similarities seen in Protoro-

tJujris archeri and the Dunkard form, but

not sharcxl with other Pi'rmian romeriids,

include: tooth-bearing margin of the pre-
maxilla in same plane as that of maxilla.

Similar pattern of sculpturing. Canines very

prominent. Second peak in length of maxil-

lary teeth behind canine. Ectopter\goid
retained. Long teeth on ventral margin of

transverse flange of pterygoid. Tabulars

present and parietals deeply embayed for

reception of post^oarietals and tabulars.

Onl\- the last feature distinguishes P. archeri

from such PennsN'hanian romeriids as Paleo-

thyris and Brouffia.

Were the skulls not so well preserved, or

had they come from Texas rather than West

Mrginia, it would be difficult to justify even

specific differentiation from P. archeri.

Except for the small size and slighth' dif-

ferent proportions, the skull is basically

similar to that of the type species of Protoro-

thyris. One clear-cut difference is the con-

Table II. Dentitiox of romeriids and captor-
HINIDS. A-D, PrOTOROTHYRISMORANI SIMPLIFIED

drawings of dentition' to show position of

teeth being replaced (x) and relative length
of teeth in different regions of the j.\w.

Brackets indicate position of canines, arrow
indicates anterior end of jaw. a, maxilla and
premaxilla of cm 8617; b, maxilla of mcz
2151; c, maxilla and dentary of mcz 2152; d,

M.AXILLA OF MCZ4111. X2.
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difference laetween the Dunkard skulls and

ProtorotJiyris archeri is the relatively nar-

rower exposure of the jugal beneath the

orbit in the former. This difference is cer-

tainly relat(>d to size, with all of the eir-

cumorbital bones being small in the Dun-
kard species. Larger individuals might well

resemble the Texas species in this feature.

Frotor othyris morani has denticles extend-

ing along the cultriform process of the

parasphenoid. These are missing on the

Texas species, but are present in Pak'otJiyris
and also in some individuals of Captorhinus.

Mechanical preparation of the Dunkard

specimens has resulted in the loss of much
of the very thin bone from the surface of

the skulls. Except on the occipital surfac(\

this has not greatl)- interfered \\\\\\ deter-

mination of the extent of the bones. Al-

though quite delicate, the pattern of sculp-

turing resembles that of the Texas species.

Except for \\\c accommodation of the rela-

ti\'el\' large orbits, the configuration of the

skull bones is ^'ery similar to that of Protoro-

thyris archeri. The skull table extends pos-

teriorly almost to the level of the back of

the jaw articulation. As Parrington (1959)
has pointed out, the greater posterior extent

of the cheek region in larger forms is prob-

ably a result of allometric adjustment dur-

ing growth.
Since the dentition is the one feature that

distinguishes this species from the genotype,
it will be described in detail. The marginal
dentition of this species is basically similar

to that of P. archeri. There are apparentl)-
five rather than four premaxillary teeth,

although the end of the snout is damaged in

all specimens and a lower count cannot be
ruk>d out. The most anttnior premaxillary
tooth is conspicuous!)' larger than the re-

mainder. The first five maxillary teeth are

also of small size. These are followed by
two very large canines. In most specimens,
one or the other is either absent or repre-
sented by a very small, immature tooth. The

length of the teeth graduall)' increases be-

hind the canines, to reach a maximum in the

area of the sixth to ninth tooth. Two teeth

in this series are noticeabK' larger in diam-

eter than those adjacent. Such distinctive

teeth are not seen in P. archeri. The length

gradually decreases to the end of the tooth

row. The tooth count, the position of gaps
in the tooth row, and the position of the

longest teeth is shown in Table II. The

complete complement of postcanine teeth

apparently varies from 17 to 19; the total of

maxillary teeth from 24 to 26. This is four

to six teeth less than than in ProtorotJiyris

archeri. All of the teeth are cylindrical, with

conical, sharply pointed tips.

In onl\ a single specimen, MCZ2152, is

the dentition of the lower jaw well exposed.

Twenty-nine teeth are in place; there is

room for two additional teeth. As in the

upper jaw, the length of teeth is variable.

Although there are none as long as the

canines, and the ovcTall differentiation is

not as clear, peaks arc noted at the very
front of the jaw, at the ninth and tenth teeth,

and to a lesser extent in the area of the 16th

and 22nd.

Fragments of at least six vertebrae are in

place behind the skull of MCZ2151. They
are badly crushed and too delicate for com-

l")lete jireparation. The neural spines of the

third and fourth are tall and narrow, as in

the type species, and the transverse proc-
esses extend a considerable distance later-

ally. The total length of the four most com-

pletely preserved vertebrae in natural

articulation is 10.5 mmfrom the anterior

end of the anterior zygapophyses to the pos-
terior end of the posterior zygapophyses.
The skull is thus equal in length to approxi-

mately 12 trunk vertebrae. In Protorothyris
archeri the skull is equal in length to almost

14 complete vertebrae. The measurement of

only four vertebrae is probably not suffi-

cient to stress this possible proportional dif-

ference, however.

Much of the shoulder girdle is preserved
in MCZ2151. The dermal elements differ

from those of tlie type species only in tlieir

smaller size and generally imperfect pres-
er\ation. The margins of the scapulo-
coracoid are broken or obscured by other
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bones. The glenoid area resembles that of

P. archeri in indicating only a single area

of ossification. The supraglenoid and cora-

coid foramina are in the same relatix'e posi-
tion. Although the dorsal margin of the

scapular blade was probabh' extended in

cartilage, its relative height is as great as in

P. archeri. Only an uninformative frag-
ment of the humerus is present. Nothing
is known of the more posterior portion of

the skeleton.

Discussion. The chief problem in dealing
with ProtorotJu/ris nwrani is in determining
whether the small size is indicative of im-

maturity, or whether th(> specimens repre-
sent adults.

Fortunately, a standard of comparison is

provided by another romeriid species in

which both an adult and a ju\'enile are

known. Only two specimens of the species
lioiiicria tc.xana are known; both ar(> fig-

ured and described in a subsc(iucnt section

ol this paper. The type is pr(>sumably an

adult, very similar in size to the several

specimens of Protorotliyris archeri. The
second specimen, from a different localit}'

but the same horizon in Texas, has a skull

that is onl\ 57 percent the length of the

t\ pe. Except for the absence of the post-

parietals, the braincase, and the lower jaw
in the type, the skulls arc very similar in

structure, including the numlicr of teeth in

the upper jaw. The smaller skull has rela-

ti\c]y larger orbits and a more rounded

snout, but no other significant differences.

Although incompletely exposed, the endo-

chondral shoulder girdle of the small speci-
men is ossified as a single unit, in contrast

to the ob\'iously jn^'enile romeriids from
the Pennsylvanian, Cephnlerpeton ventri-

annatiim. Brouffia orientalis, and Coelo-

stc<i\is, that show multiple centers of ossifi-

cation of the endochondral shoulder girdle.

The stem of the stapes of the smaller skull

of Romeria texana is as fully ossified as that

of the mature specimens of Protorothyris
archeri.

Although the skulls of Protorothyris nwr-

ani are as large or larger than that of the

juvenile Romeria texana, the orbits are sig-

nificantK' larger, both absolutely and rela-

tively. This feature might be accentuated

in a form with a small-sized adult, although
it is not noted in Palcothyris acadiana. As
in the juvenile Romeria texana, the scapulo-
coracoid of P. nwrani is ossified as a unit.

In contrast with that specimen, the stem of

the stapes is incompletely ossified. This

fc>ature suggests that the specimens of

Protorothyris morani are at least as imma-
ture as th(> juvenile Romeria texana and

that the adult might be as large as the adult

of that species.

Romeria Price

Tvpe species Romeria texana Price, 1937:

'97.

Revised (generic diagnosis. Large Lower
Permian romeriid. Premaxillary tooth row
inclined at an angle from the maxillary
tooth row. Four to fi\'e premaxillary teeth.

Twent\' to twenty-fix'c maxillary teeth.

Fifth and sixth teeth slightly larger than

remainder. No tabular, no ectopterygoid.
No rctroarticular process. Opisthotic in-

completely ossified and not extending to

srjuamosal. Cheek region forming an angle
of more than 65^ with the skull roof. Pari-

etal deeply embayed for postparictals.

Where known, short denticles scattered on

anterior face of transverse flange of ptery-

goid rather than long denticles on ventral

margin. I^ow neural spines on anterior ver-

tebrae. Two species are known, R. texana

from the Putnam Formation and R. primus
from the underlying Moran Formation,
Lower Permian of Texas.

Romeria primus, new species

Figures 8, 9, and 10

From the same locality as the five speci-

mens of Protorothyris has come a single

skull (MCZ 1963) of a distinct genus that

indicates the initiation of a new trend in

the evolution of romeriid reptiles
—one that

culminates in the origin of the distinct fam-

ily Captorhinidae and may even presage
the evolution of turtles. Whereas the tooth
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Figure 8. Romerio primus, n. sp. Type, MCZ 1963. A, skull in lateral, dorsal, and occipital views. B, braincose in ven-

tral view. C, left lower jaw in lateral view. D, lower jaws in ventral view. XI /2-

row in all Pennsylv^anian romeriids and and the entire tooth row becomes relatively

Protorothyris is straight, the premaxilla of shorter. The size of the skull remains es-

this species and subsequent members of sentially the same. The changes in denti-

this lineage is down-turned to form a tion indicate that the appearance of this

"beak." The canines are less emphasized genus was related to a change in prey spe-
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Figure 9. Type of Romeria primus, n. sp., MCZ 1963. Restoration of skull in dorsal, lateral, occipital, and palatal views.

Smooth appearance of skull roof is not natural. Sculpturing was removed during preparation. lobulars are missing. There

is no evidence for ectopterygoid. 'X.lVj.

cies and or a shift in the \va\' prey was cap-
tured and ingested.

The specimen from the Moran is clearl\-

closeh- related to Romeria texana from the

o\erl\ing Putnam Formation. Although we
are limited to comparisons of only one adult

specimen from each horizon, the difference

in age and dentition seems sufficient to rec-

ognize t\vo species. Despite the taxonomic

priorit)'. the new species will be described

prior to a redescription of the type species
in order to emphasize the phylogenetic and

taxonomic sequence of the specimens.

Specific diognosis. Similar to t\'pe species,

R. texami. except for having five rather than

four premaxillary teeth and 23-25 rather

than 20 maxillary teeth.

Horizon and locality. Cottonwood Creek,
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Archer County, Texas. Moran Formation.

Wicliita Group, Lower Permian.

Type. MCZ 1963, skull and associated

postcranial material. This is the onh^ speci-
men known. The specific name is gi\'en to

indicate that this form is the first known
member of a new lineage.

Description. The single known skull of

Romeria primus is crushed laterally, with

thc> lower jaws co\'ering almost all of the

palate. In general, the skull resembles that

of more primitive romeriids but there are

certain important differences. The premax-
illa is tilted ventrally so that the end of the

tooth row forms a hooked "beak." Thc^ num-
ber of teeth is reduced to four in the pre-
maxilla and to 23-25 in the maxilla, and
the tooth row is shortened relatix'c to the

total length of the skull. The longest maxil-

lary tooth, nominally a canine, is the seventh

on the right sidc\ One of the teeth being

replaced, the fourth or sixth, may have been

longer but apparc>ntly none of the teeth in

this area is as conspicuous as the canines in

Protorothyris. The length of the teeth di-

minishes gradualh' on either side of the

"canine' but increases again posteriorly to

reach a maximum at the le\'el of the eighth
tooth from the rear. The difference in the

dentition of these two genera seems rela-

tive to the position at which the prey could

be most efficiently held. In ProtorotJiyris

and its Penns\hanian antcx-edents, the ca-

nines would serve to block the escape of the

pre)' anteriorly. The center of the prey
held crossways in the mouth would have
been about half way between the ante-

rior margin of the orbit and the external

nares. A shallow notch in the tooth row
is also evident directly beneath the ex-

ternal nares with the anterior premaxillar\'
teeth elongate to block the egress. The ef-

ficiency of this trap is greatly impro\'ed in

Romeria primus b\' tlie down-turning of the

entire premaxilla. The relati\'e position of

the canines now becomes more posterior
and would serve as the posterior barrier for

the main insect trap and the anterior bar-

rier of a less well-developed notch beneath

the anterior margin of the orbit. One might
suppose that the nearer the front of the

mouth the animal could grip the prey, the

more likeh' it would be successfullv caught.

The same general type of dentition is re-

tained into the early captorhinids, in which
additional tooth rows are added. The length
of the teeth in the lower jaw of R. primus
alternates with that in the upper jaw.

As illustrated, the skull is very smooth.

This is almost certainh' the result of me-
chanical preparation, and does not indicate

a lack of sculpturing in the li^'ing animal.

Although it is difficult to restore the angle
between the skull table and cheek region
accurateh' without more information con-

cerning the palate than is availal)le from
the skull as preserved, tlK> whole back of the

skull appears wider than in Protorothyris
and earlier romeriids. There are a few addi-

tional differences in the configuration of the

indixidual bones. The parietals are still

embayed, but the postparietals do not ex-

tend antciior to the supratemporals. The

postorbital extends onto the dorsal surface

of the skull roof to bind the table more

firmly to the cheek region. The tabulars

ar(> lost and the postparietals extend later-

ally toward the squamosals. The quadrato-

jugal appears shorter and higher than that

of Protorothyris, but this is probably not an

important point of distinction. The orbits

are relati\'el\' further forward. The pineal

opening is considerably larger.

The crushing of the skull and the presence
of lower jaws obscures most of the palate.

The posterior portion of the braincase, the

parasphenoid, and stapes can be seen at an

oblique angle between the jaws (Fig. SB).
This area is substantially similar to that of

both other romeriids and Captorhimis.
In occipital view, the opisthoties can be

seen to be more fully ossified than in

Protorothyris, but the exposure of the ven-

trolateral portion of the supraoccipital sug-

gests that the otic capsule was still not com-

pletely ossified. The supraoccipital is a

broad plate of bone, possibly reaching as

far as the squamosal laterally, restricting the
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Figure 10. Romeria primus, n. sp., fype, MCZ 1963. Hand as preserved and as restored. Xl^/2-

size o[ the po.stteinporal feiiestrae. Tli(>

I)asicranial tiibera for tlK> insertion of axial

niuseulature are readily seen at the haek of

the parasphenoid, beneath the otic capsule.
The relationship and configuration of the

fjuadrate is as in other romeriids. As re-

stored, the lower jaws resemble in general
those of ProtorotJiyris aicheri, although the

splenial extends further forward, and the

entire jaw is thicker, relati\'e to its length.

Jumbled postcranial remains accompan\-
the skull. The anterior \'ertebrae ha\e low
neural spines, quite unlike those of Protoro-

thyris, but more or less similar to those of

Captorhimis. They are not well enough pre-
served for further description. Broken and

incomplete bones of the forelimb are pres-
ent, but give ver\' little evidence of their

original structure or even proportions. The

carpals are broken and jumbled, but were

evidently well ossified. Their specific con-

figuration cannot be restored. The proxi-
mal portions of the first four digits are

present in nearly their normal position. The

configuration is ob\'iously reptilian and the

proportions similar to those of the better

known Pennsylvanian romeriids. The claws

are short and pointed. Nothing is known

of the posterior jiortion of th(> \ertebral col-

umn or the rear limb.

Discussion. Romeria primus clearly
evolved from the main romeriid stock. Since

the two species are contemporary, it could

not have evolved from Proforotlu/ris archeri

itself, but it ma\- ha\'e (>vol\-ed from a verv

similar antecedent form. The cranial differ-

ences are clear cut, but may not have re-

(juired much time to develop.

Romeria fexono Price

Figures 11, 12, and 13

Specific diagnosis. The same as for genus.
This species may be distinguished from R.

primus by the smaller number of maxillary
teeth and the greater number of premaxil-

lary teeth.

Horizon and locality. Archer City Bone

Bed, Archer Countv, Texas. Putnam Forma-

tion, \\'ichita Group. Lower Permian of

Texas.

Holotype. MCZ1480, skull lacking brain-

case, lower jaws, and postparietals.

Referred specimen. UT 40001-4, skeleton

of juvenile individual from Zott Pasture,

southwest corner, section 55, block 3, Clark
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Figure 11. Romeria texana. Type, MCZ 1480, in dorsal, lateral, occipital, and palatal views. Braincase, lower jaws, and

postparietals are missing. Xl^/i-

and Plumb Survey, 3 miles north of Wind-

thorst, Archer County, Texas, Putnam For-

mation.

Description. Price based the family
Romeriidae on a single specimen of the

species Romeria texana. Only the skull,

minus the low jaws, braincase, and post-

parietals is preserved. The original descrip-
tion was based on the skull roof alone, but

the palate has since been exposed.
The general pattern of the skull roof fol-

lows that of other romeriids. The specimen
shows almost no sculpturing of the dermal

bones. This is almost certainlv the result of

polishing in the course of mechanical prep-
aration. A pattern of shallow, scattered pits

can be dimly perceived in the remaining
bone surface. The pineal opening of this

species, like that of Romeria primus and
the next species to be described, is relatively
and absolutely larger than in other romer-

iids. The postparietals are missing from

the skull but their position and relative

width can l)e judged from the emargina-
tion of the parietals. Although readily per-

ceived, this emargination is not as marked
as tliat of F rotor othijris. As can be seen in

the second, juvenile skull of Romeria texatia,
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Figure 12. Romeria lexana. Type, MCZ 1480. Restoration of skull in dorsal, lateral, occipital, and palatal views. Post-

parietals and braincase are missing. There is no ectopterygoid. Smooth appearance of skull roof is an artifact, sculpturing

was removed during preparation. XlVi'-

there is no tal^ular. The postorl)ital extends

\'en' shghth' onto the dorsal surfaee of the

skull roof to strengthen its attachment to

tlie cheek region.
The lateral exposure of the portion of the

maxilla extending beneath the orbit is very
narrow. There are twenty teeth in the right

maxilla, with no empt\' sockets. The pos-
terior portion of the left maxilla has been

damaged, precluding determination of the

exact tooth count. The anterior 12 teeth are

all in place. The fifth and sixth teeth are

sufficiently longer than the remainder to

be designated "canines." The next five

teeth are progressively shorter. The length
of the next three teeth increases slightly and
the remainder are all short. The tooth-

bearing surface of the premaxilla is at an

angle of 25° to the maxillary tooth row. The
most anterior of the premaxillary teeth are

the longest, roughh' equal to the canines.

Tlie more posterior are progressively
shorter.

Since the lower jaws are missing the pal-

ate is well exposed. The surface detail has,

unfortunatelv, been blunted bv mechanical
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Figure 13. Romeria texana. Immature specimen, UT 40001-4. A,

occipital views. B, restoration of skull in similar views. Xl^/2-

skull as preserved in dorsal, ventral, lateral, and

preparation. There is apparently no ecto-

pterygoid. Tlie palatine extends from the

internal nares to the subtemporal fossa.

The transverse flange of the pterygoid ap-

parently does not ha\'e a ro^^' of large teeth

on its margin, but rather a scattering of

smaller denticles along its anterior face.

Two ridges, certainly bearing denticles, ex-

tend along the palatal ramus of the ptery-

goid, one along the medial margin and the

other obliqueh" laterally toward the pala-
tine. Another ridge, possibly topped with

denticles, borders the lateral margin of the

\'omer. The pterygoids extend between the

vomers, nearly to the premaxillae. In occip-
ital \'iew, the squamosal can be seen to

extend medialK' to underlie the postparie-
tals. The quadrates and the posterior por-
tion of the quadratojugal are missing.

In addition to the type skull, Romeria

texana is represented by a second, juvenile

specimen, from the University of Texas

collection UT 40001-4. It was collected

together with a great deal of material

of the microsaur Pantyhis. This local-

it\' is in the Putnam Formation as is that

from which the type was collected. Except
for the smaller size and slight difference in

proportions, the juvenile skull is very similar

to the t}"pe. It is more complete in retaining
the postparietals and the braincase in their

natural positions. The presence of the post-
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parietals makes this skull appear more sim-

ilar to that of Romcria primtts than docs the

t\pe. Between the ]\nenile and the adult

of this species the relative size of the pari-

etal opening increases, the snout becomes
more elongate, the portion of the skull an-

terior to the orbits becomes relati\el\' longer
and the canine teeth become more pro-
nounced. The orbit becomes relativeh"

smaller and the tooth row relatively longer

(Sec Table I). There is room for five teeth

in the prcmaxilla and 19 in the maxilla. This

suggests that the number of teeth does not

change substantial!}' during ontogeny.

Unfortunately the specimen was pre-
served in a \'ery resistant ironstone matrix.

The surface of the bone was almost com-

])1( tcly destroyed during preliminary prep-
aration with acid (?h>drochloric'). The

occipital area is preserxcd but little prep-
aration is possible without se\'erely damag-
ing the specimen. It is clear that there are

bioad postparietals that extend just short

of the supratemporals. There are no tabular

bon(\s. The supraoccipital is about on(>-

tliird the width of the skull. The post-

tcMiiporal fossae open between it and the

medial portion of the squamosal. The

opisthotic appears ([uitc^ well ossified and
must ha\^' extended nearl\- to the scjuamosal.
The stapes arc small but of essentially adult

proportions, unlike that of the juvenile

specimen of CoeJostei^us (
Carroll and Baird,

1972) or Protorothyris morani. The stem is

long and abuts against the quadrat(\ The
lower jaw shows no retroarticular process.

Much of the postcranial skeleton is pre-
served in a nodule behind the skull. Unfor-

tunatcl\% the extremely small size and fragil-

it\ of the bones combined with the hardness

of the matrix render it impractical to pre-

pare the remainder of the specimen at the

present time. It is hoped that techniques
will be de\'eloped which will make this

preparation practical. Elements that arc

exposed include a series of neural arches

that are broad and show little development
of a spine. A series of three arches extends

for 9 mm. The elements of the shoul-

der girdle are generalK' similar to those

of ProforotJit/ris. The scapulocoracoid,

although small, is clearly ossified as a single
unit.

Profocaptorhinus, new genus

Figures 14, 15, 16, and 17

T\pe species Protocaptorhinus pricei, new
species

Only a single romeriid specimen (MCZ
1478) has been discovered in the Admiral
Formation that overlies the Putnam. It con-

sists of a well-preserved skull and the an-

terior portion of the postcranial skeleton.

Although generally similar to Romeria, it

approaches the captorhinid condition more

closely in several respects. It was included

in th(> species Captorhinus a<i,uti h\ Seltin

(1959) but the presence of only a single
row of marginal teeth definitely precludes
tins assignuKnit.

Generic diuiinosis. Large romeriid capto-

rhinomorph. Skull roof deeply sculptured
with unitormK' distributed o\'al pits. Tabu-
lars lost. Posterior margin of parietals shal-

lowly concave. Supratemporal extending
down along top half of the posterior margin
of the scjuamosal. Posterior margin of the

squamosal nearly \'ertical. Postorbital large
and extending onto skull roof. Pineal open-

ing large. Prcmaxilla down-turned. Four
to five teeth in prcmaxilla, 18 to 22 in max-

illa; fourth or fifth is enlarged "canine."

No evidence of more than a single tooth

row. Ossified portion of opisthotic not

reaching squamosal. Supraoccipital con-

stricted laterally to form margins of large

posttemporal fenestrae. Very slight retro-

articular process. Neural arches in trunk

region approaching configuration noted in

Captorhinus. Z)gapophyses nearly hori-

zontal.

Protocaptorhinus pricei, new species

Specific diagnosis. Same as for genus.
Tlie specific name honours Mr. L. I. Price,

who found this and most of the other
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Figure 14. Prolocaptorhinus pricei, n. gen. and n. sp. Type, MCZ 1478. A, skull In lateral, occipital, dorsal, and

ventral views. White areas show position of overlying postcranial elements that appear in a different plane than the

skull. B, left stapes In posterior and anterior views. XlVs-

romeriid specimens from tlie Lower Permian

of Texas.

Horizon and locality. Rattlesnake Can-

yon, Archer County, Texas. Uppermost
Admiral Formation, \\'ichita Group, Lower
Permian.

Holotype. MCZ 1478. Skull and asso-

ciated elements of anterior postcranial skele-

ton.

Questionably referred specimen, MCZ
1160. Badly crushed skull from the Belle

Plains Formation.

Description. The size and general con-

figuration of the skull resemble those of the

previous genus. The surface is deeply

pitted, more like Capforhinus than earlier

romeriids, although the individual pits are

noticeably wider than in that genus. The

pineal foramen, as in Rorneria, is larger than

in most Lower Permian reptiles. The pos-
terior margin of the two parietals is shal-

low!}' concave; unlike the condition in

Romcria, these bones are shortest at the

midline. The postparietals are thin, nar-

row bones, exposed primarily in occipital

rather than dorsal view. The supratempo-
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Figure 15. Protocaptorhlnus pr/cei, n. gen and n. sp. Restoration of type, MCZ 1478. Skull in lateral, occipital, dorsal,

and ventral views. Xl^/2.

rals are supported dorsally by ver\- sliallow

notches in the parietals. Distall\-, the>' ex-

tend ventrolaterally over the dorsal half of

the posterior margin of the squamosal. The

posterior margin of the squamosal is nearly
\'ertical. The dorsal margin of the post-
orbital extends onto the skull roof.

The dentition resembles that of Romeria.

The premaxilla is tilted down from the

horizontal and bears five teeth; the an-

terior one is the largest and the length of

the remaining teeth decreases gradually.

The most anterior maxillary teeth are also

short. The length increases rapidly to the

sixth, which may be considered a canine al-

though it is not as prominent as the canines

in earlier romeriids. Only a single tooth

can be so designated on each side, in con-

trast with the condition in Romeria, Protoro-

tJ^yris, and the Pennsylvanian genera that

always have two pairs of canines. The

length of the teeth decreases steadily be-

hind the canines. On the right side, 14 teeth

are in place in this area, with room for three
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more. Although the tips of the teetli ha\e at an angle of approximately 55° to the

been damaged slightly, all appear to be longitudinal axis of the shaft. The posterior

simple pegs with bluntly pointed, eonical end of the footplate rests against the mar-

tips. Unfortunatel)', it is not possible to gin of the fenestra ovalis formed by the

determine the extent of wear. Although the opisthotic. Ventrally it is supported and
lower jaws are clenched into place against held looseK' in place by the parasphenoid.
the palate, enough of the ventral margin of Anteriorly it abuts the prootic. As seen ven-

the maxilla is exposed to be certain that trall\-. the shaft extends posteriorly at an

there is onh' a single row of marginal teeth, angle of approximately 18° from the trans-

Most of the lateral and anterior portion \erse plan(> toward the quadrate. As seen

of the palate is covered b>' the lower ja\\'s. in occipital \iew, the stem extends ven-

Only the cultriform process and a small tralK' at an angle of 20° from the horizon-

portion of the transverse flange of the tal. Th(> dorsal process is approximately as

pterygoid can be seen anterior to the basi- long as the shaft is thick and extends me-
cranial articulation. The posterior portion dially at an angle of approximately 45°.

of the parasphenoid and the \'entral surface At the base of the dorsal process is the

of the otic-occipital region resemble closeh' stapedial foramen, which extends antero-

their counterparts in other romeriids. dorsally from the rear. The shaft is 1.5 mm
The occipital surface demonstrates sev- in diameter just distal to the dorsal process

eral differences from earli(>r romeriids. The and thickens to a diameter of 3 mmat its

supraoccipital is noticeably more narrow, distal (>nd. This portion of the shaft is 6

so that\ery large posttemporal fenestrae are mmin length. The distal end is in the form

formed. Just beneath the skull roof, the of a roughened conca\ity. PresumabU' it

dorsolateral corners of the supraoccipital was continued in cartilage. The configura-
are extended as cylindrical processes, tion of the c[uadrate resembles that of

exactly as in Captorhinus. The opisthotic other romeriids.

is more completeh' ossified than in earlier The lower jaws are eonsiderabh thicker

romeriids. It extends lateral!)' to cover than in Protorothyris, continuing the trend

much of the dorsal process of the stapes, seen in Ronwiia. The posterior margin of

It is separated from the squamosal by a the articular extends slightK' behind the

wide gap, however. The extent of the oc- angular and surangular as an abbre\iated

cipital portion of the squamosal is nearly retroarticular process. The ventral surface

parallel with the lateral margin of the of the articular and supporting prearticular

cheek. The exoccipitals bear Vvcll-developed are extended medially to proxide a large

facets for articulation \\ idi the proatlas and area for the insertion of the pterygoideus
are indistinguishablx- fused to the basi- jaw musculature that originates on the back

occipital. Tlie cheek region meets the skull of the transverse flange of the pterygoid,

roof at an angle of 61". The splenial extends forward to the symph\'-
The right stapes is in place, but much of sis. The tooth-bearing margin of the lower

the stem has been lost. The left stapes has jaw is complete!}- covered b\- the skull roof,

fallen out of the skull and lies adjacent to In contrast with Protowtlnjri.s, the dentary
the cervical vertebrae. Although it cannot is lighdy sculptured.

be removed completely without damage to Postcranial .skeleton. Accompanying the

the adjacent bones, it can be dra\Mi from skull are a series of se\'en anterior xertebrae,

se\'eral angles to disclose the most im- ribs, much of the shoulder girdle, and the

portant structures. In its large relative size right forelimb. The elements of the atlas-

and in most structural details it resembles axis complex resemble in general those of

the stapes of other romeriids and Capto- Paleothyris and Protorothyris, but the rela-

rhinus. There is a large oxal footplate, set ti\'e proportions of the bones differ widely
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Figure 16. Profocaptorhinus pricei, n. gen and n. sp. Type, MCZ 1478. Posfcranial elements. A, anterior vertebrae in

lateral view, humerus, ulna, and stapes. B, anterior vertebrae in dorsal view, scapula and proximal end of left humerus.

C, left scapula and broken proximal end of humerus. D, shoulder girdle and right forelimb. E, restoration of anterior

vertebrae in lateral and ventral views, cervical ribs. F, atlas intercentrum in anterior, dorsal, and ventral views. G,

right ulna in posterior and medial views. Xl%-

in the three genera. A pieee of the o\'al pro-
altas may be seen emerging from the left

posttemporal fenestra. The posterior por-
tion is fattened ^entrally and rounded dor-

sally. The atlas intercentrum has fallen

from its nonual position and lies below the

other cervicals. It is a wide crescent,

marked ventralh' b\- a longitudinal ridge.

It presumably bore the capitulum of the

first rib, but the facet for its articulation is

not ^"isible. The atlas arch is a small, paired
structure without a neural spine. It is

looseh" articulated with a short, cylindrical

pleurocentrum that is notched dorsalK for

the ner\'e cord. There is no sc^parate axis

intercentrum; presumably it is indistinguish-

abl\- fused to the base of the atlas pleuro-
centrum. The axis centiami is onl\- slightly

longer than the atlas centrum and not ap-

preciabl}' larger than the remaining cer-

vicals. It is indistinguishably fused to the

arch. The axis neural spine is broken an-

teriorK. but was clearly larger than those

of the other cervdcals; presumabh-, as in

other romeriids, the anterior margin over-

hung the atlas arch. The spine is much
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sliorter than that oi Protorotlujris archeri,

but resembles that of Captorhiniis. The

len<^tli of the axis eentriim is relatively much
shorter than that of PaleotJiyris.

Surprisingly, there is no intercentrum for

the third or fourth vertebra. The ventral

lip of these centra is extended anteriorly to

underlie the posterior margin of the more
anterior vertebrae. The cervical region in

CaptoiJiinus has not been described in suf-

ficient detail to permit more specific com-

parison with this form. Normal intercentra

are present anterior to the fifth and sixth

centra and both margins of the plcuro-
centra are bevelled for their reception. All

the centra in the cervical region bear a

rounded keel. In lateral view, the neural

arches in ProtocaptorJiinus resemble those

of PaJeothyris. Whenviewed dorsally, how-

ever, it can be seen that they arc expanded
lateralh' in much the sam(> way as thos(> in

Captorliiiui.s. The zygapophyses extend far

beyond the width of the centra, to fonii the

"typical" cotylosaur swollen neural arch.

The transverse processes extend laterally

beyond the zygapophyses. The alternation

in spine height noted in Captorhinus b)-

Vaughn (1970) is not e\ident in this short

series.

Several cervical ribs are present. Those
associated with the first three vertebrae are

sho\\'n in Figure 16. They have clearly

separated heads to bridge the wide gap be-

tween the anterior transverse process and
the base of the centra, and spatulate shafts

that evidently extended posteriori)' along-
side the column, rather than \'entrall\'.

The shoulder girdle is badly jumbled, but

most of the elements are present. Their

preservation is such that no more than gen-
eral similarities with other romeriids can
be noted. The humerus, ulna, and radius

are all somewhat distorted and broken.

They resemble their counterparts in Capto-
rhinus in being considerably more stoutly
built than those of earlier romeriids. In as

much as the preservation permits compar-
ison, the humerus in particular is nearly
identical with that of Captorhiniis. The

carpals and distal phalanges are jumbled

together and do not permit restoration.

A further specimen that is clearly closely
related to MCZ 1478 is an isolated skull,

MCZ 1160, collected by Price from the

lower Belle Plains Formation, one and a

lialf miles northwest of Woodrum House.

Superficially it appears almost indistinguish-
able from the type of ProtocaptorJiinus

pricei. The fact that it comes from a later

formation and has been cited by Seltin

(1959) and Fox and Bowman (1966) as

belonging to the genus Captorhiniis makes
it deserving of special notice. Unfortu-

nately, the skull is not well preserved. The
skull roof is badly cracked and much of the

palate and braincase is missing. The bone
is softer than the matrix and delicate prep-
aration is not possible. Although the super-
ficial surface of the skull roof has been re-

mo\'ed in earlier preparation, the pattern of

the indixidual bones is ver)' easily seen as

a result of their slight disarticulation. The
outline of the skull and the configuration of

the bones is very similar to those of MCZ
1478. Although the individual teeth are

poorh- preserx'ed, th(> general dental pat-
tern can be readily discerned. There are

four teeth in each premaxilla, as in most

specimens of Captorhiniis ag,titi, but one

less than the count in the type of Proto-

captorJiinus pricei. There is definitely only
a single row of maxillary teeth. In Capto-
rJiiniis the fourth maxillary tooth is usually
the largest and the terminal member of the

first diagonal row. The next tooth is smaller

and clearly more medial in position. In

MCZ1478'the fifth tooth is the largest, but

those more posterior are clearly in the same
row. In MCZ1160 the fourth tooth is the

largest, but again, all of the marginal teeth

are in a single, straight row. Neither max-

illa is sufficiently well preserved to estab-

lish the tooth count accurately. Tliere are

approximately 18 teeth, intermediate be-

tween the number of marginal teeth in

MCZ1478 (22) and Captorhiniis (approxi-

mately 16). A further factor in which MCZ
1160 resembles the type of ProtocaptorJiinus
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Figure 17. Protocaptorhinus pricei. MCZ 1160. Skull as preserved in A, dorsal, B, lateral, and C, ventral views. Res-

toration of skull in D, dorsal and E, lateral views. X1%.
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pricei is tlie presence of only a very short

retroarticular process. It more closely ap-

proaches the condition of Captorhinus in

the extension of the jugal anterior to the or-

bit and the relativc>ly anterior position of the

orbit, but can he unequi\'ocally distin-

guished from that genus by the relatively

narrower cheek region. In MCZ1160, as in

all romeriids, the skull margin is nearly

straight between the external nares and the

(juadrate. Although this specimen differs

from the type of ProtocaptorJiiiuis pricei in

the number of teeth and in other minor re-

spects, it will be included here in the spe-

cies.

Pleuristion brachycoelous Case

Brief mention should be made of an ad-

ditional, recently described specimen that

might be included in the family Romer-
iidae. In 1970, Olson descrilxxl a skull from

the Wellington Formation of Oklahouia and

assigned it to Case's species Pleuristion

hracliycoelous, originalK' based on verte-

brae froui that formation. Olson included

the species within the Captorhinidae. He
noted that it was distinguishable from

Captorhinus primarih' on the basis of the

dentition. The skull clearly has onl\' a

single row of teeth in both the maxilla and

the dentary and the tips of the teeth were

pointed rather than chisel-shaped or blunted

with wear as in Lahidosaurus luimatus or

Captorhinus uguti. As will become clear in

the subsequent section on the ancestry of

the Captorhinidae, there is an almost com-

plete transition between that family and

the Romeriidat'. One distinction that can

be maintained is the different configuration
of the cheek region. The skull of Pleuristion

hrachijcoelous described by Olson resembles

that of the romeriids in having an essen-

tially straight margin between the posterior

edge of the premaxilla and the quadrate, as

determined by the structure of the left

lower jaw. Because of the large mass of

the jaw muscle, the common captorhinid

genera Captorhinus and Lahidosaurus have

expanded the cheek region laterally so that

the \'entrolateral margin of the skull is dis-

tinctly concave between the premaxilla and
the ((uadrate. There are no features in the

skull describ(>d by Olson that are definitely
those of captorhinids as distinct from
romeriids. The individual teeth resemble

those of romeriids more than captorhinids
in having sharply pointed rather than chisel-

shap(>d tips and in the presence of two pairs
of "canines.' The premaxilla is not pre-
served. Olson has restored this bone as being
hooked in the manner of Romeria and

Captorhinus. The small number of mar-

ginal teeth, as well as the configuration of

the posterior margin of the skull roof, sug-

gests that it is advanced over the Protoro-

thyris pattern and so might be expected to

ha\(' a specialized premaxilla as well.

Although it is not illustrated bv Olson,
the posterior portion of the skull roof is

well preser\'ed. It rescMubles that of Proto-

ca))torJiiinis and Captorhinus in that the

posterior margin of the parietals forms a

shallowly concave recess. The postparietals
face entirely posteriorly and there* are only

very shallow notches in the parietals for the

supratemporals. In these features the skull

is definitely advanced over the level of

Romeria. The presence of two pairs of

fairly conspicuous canines distinguishes it

from Protocaptorhinus and Captorhinus,

however, as does the very narrow lower jaw.

The peculiar distribution of the palatine

denticles is a further feature distinguishing

it from Captorhinus and Romeria. The pal-

ate is not exposed in either of the speci-

mens of Protocaptorhinus.

Apparently Pleuristion represents a lin-

eage that has evolved in parallel with the

Romeria-Captorhinus group. No other

members of this lineage are known. The

exact age equivalence between the Welling-
ton Formation and the Texas sequence has

not been determined. It has been equated
with both the Belle Plains and the Arroyo.

In either case, Pleuristion is one of the latest

romeriids.
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CHANGESIN THE SKULL STRUCTURE
OF LOWERPERMIAN ROMERIIDS

In contrast with the Pennsylvanian romer-

iids, in which the postcranial skeleton of

most genera is known in considerable de-

tail, our current knowledge of the Lower

Permian members of the family is based

primarily on a series of excellently pre-

served skulls. These skulls show progres-

sive changes in the palate, jaws, and denti-

tion that culminate in the origin of the

family Claptorhinidae.
The significance of the changes in the

structure of the jaws and their musculature

in the origin of ri'ptiles has recently been

emphasizc'd (Carroll, 1969b). ThJ basic

pattern achieved by the earh' romeriids is

retained in the primitive members of many
advanced reptilian lineages, notabh lepido-

saurs and archosaurs. All of the Pennsylva-
nian romeriids retain the priinitixc con-

figuration in wliich the tooth-bearing margin
of the skull is in a single plane and the

canines are \er\' conspicuous. Except for

CepJialerpeton, the remaining ma\illar\

teeth are small and numerous.

The entire jaw apparatus in small, primi-

ti\c' reptiles was probably evolved to cap-

ture, hold, and ingest small insects. In most

Penns\l\anian romeriids, the skull is small

and tlu> marginal teeth are typically small

so that they would scn-ve primariK to lioltl

the prey. The larger teeth in CepJialerpeton

may have been more efficient in piercing.

The canine teetli in the typical genera,

Hylonomus and Paleothyris, may have

served to pierce the prey as well, but more

likely their primary function was to keep
small fusiform insects from escaping at the

front of the mouth. They would be most

effective if the prey were held crossways in

the jaws, as may be observ'ed in living liz-

ards. The canines are approximately mid-

way between the anterior margin of the

orbits and the posterior margin of the ex-

ternal nares. The longer anterior premaxil-

lary teeth would have served a similar func-

tion, but there is little space between them

and the canines to accommodate an\' but

the smallest prey.
The two species of Protorotlu/ris from the

Lower Permian continue the pattern estab-

lished b\' Hylonomus and Paleothyris.

Romeria and Protocaptorhinus initiate a

distinct departure that culminates in the

specialized dentition of the family Capto-
rhinidae. The trend is first recognizable in

Romeria primus from the Moran Formation.

This species resembles more primitive

romeriids in many respects, but the tooth-

bearing margin of the premaxilla bends

ventrally at an angle of 26° to the horizontal.

The tooth coimt is reduced to 25 in the

maxilla and four in each premaxilla. The

canines shift to a slightly more posterior

position. This results in the formation of a

very effective insect trap anterior to the

canines, just beneath the external nares.

This is significandy furdier forward than

the primar\' trap in Protorothyris. The ca-

nines are less conspicuously larger than die

remaining cheek teeth, aldiough diey re-

main easily recognizable in this genus. The

shorter {vvi\\ behind the canines form a

secondar\ food trap. The teeth in the

lower jaw also contribute to the effectiveness

of the system, hi both Protorothyris and

Romeria primus the length of the dentary

te(>th alternates with that of the premaxil-

lar\- teeth. A basically similar pattern is

seen in ProtocajJtorliinus.

Although it is of obvious advantage in

capturing prey to have the holding surface

as close as possible to the end of the jaws,

this places the lever system of the jaw at

a considerable mechanical disadvantage.

More force must be applied by the muscles

the further the prey is from the fulcrum.

Not surprisingly, the change in tooth and

jaw structure seen in the sequence Protoro-

thyris-Romeria-Protocaptorhinus is accom-

panied b\' a progressive enlargement of the

subtemporal fenestrae and the width of

the lower jaw (see Table I). The areas in

({uestion were measured by the use of a

grid, with squares being counted as zero

if less than half was covered and as one if
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Figure 18. A, lateral view of skull of the earliest identifiable captorhinid, MCZ 1483, from the middle of the Belle Plains

Formation. Cheek region is expanded and posterior teeth have chisel-shaped tips. There is only a single row of marginal

teeth. B, occiput of Captorhinus pattern, UC 1119, Wichita River, near Vernon Crossing, Clyde Formation. XlV-i-

more than lialf was covered. These mea-
sures are not meant to correspond strictly to

functional imits, but sinipK' to give a stan-

dard for discussing the relative size of the

areas available for jaw musculature. In

Protorothyris archeri, the subtemporal fencs-

trae occup\' approximately 27 percent of

the palatal surface, in Romeria primus .31

percent, Ronicria texaiia 33 percent, and

Protocaptorhinus pricei 37 percent. Other
measurements demonstrate a similar widen-

ing of the lower jaws to accommodate a

greater mass of the adductor musculature.

These changes set the stage for a second,

even more radical organization of the denti-

tion which occurred in the origin of the

Captorhinidae (see subsequent section).

A further series of changes, occurring

simultaneously with those noted in the

lower jaw, are seen m the occiput. One,

which has no immediately obvious struc-

tural or functional ad\'antage, is the os-

sification of the otic capsule. This structure

is only questionably recognizable in the

Pennsylvanian members of the group. In

PaleotJiyri.s the exoccipital appears to have

occupied some of the area later recognized
as opisthotic. In Protorothyris the exoc-

cipital is clearly recognized, but little is

e\'ident of the opisthotic. In Romeria

primus the medial and ventral portions of

of the otic capsule are ossified, but the dor-

sal and lateral areas were apparently carti-

laginous. In Protocaptorhinus all of the me-
dial part is ossified, but the distal ends stop
short of the squamosals. In Captorhimis the

capsule extends to the cheek. This changed
pattern of ossification seems to have little

significance within the romeriids, but may
be very important in the evolution of at least

one group of advanced reptiles. Of more
obx'ious significance is the change in the

overall proportion of the occiput. As may
be noted in Table I, the Permian romeriids

show a progressive widening of the skull so

that the height- width ratio changes from

1:1.5 to 1:2.5 from Protorothyris to Proto-

captorhimis. The length of the .skull is es-

sentially unchanged and the height is only

slightly reduced. One reason for the rela-

tive increase in the width of the cheek

region is to accommodate the increased jaw
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Figure 19. Capiorhinus aguti. Skull in dorsal and palatal views. Approximately XI-

iiiusculatuic'. The widening of tli(^ occiput
also results in a reorganization ot the cer-

vical musculature and th(> direction of the

inaior forces that move the skull. The oc-

cipital cond\ le forms a fulcrum that allows

movement in both the vertical and hori-

zontal planes. The degree of control and

mobilit)- in each species is dependent on the

placement and orientation of the major
nurscles. Judging from modern lizards, the

muscles mo\ing the skull of Protorotliyris
were probably located in an arc abox'e the

occipital condyle extending no more than

about 15 degrees from the vertical. Con-
trol of the head would ha\e been primarih-
in a \ertical plane. In ProtocaptorJiimis the

muscles could occup\- much more lateral

positions, enabling greater force to be ap-

plied in moving the skull from side to side.

In modern lizards much of the force in

crushing the prey is achie\ed b\- pushing
the jaw along the ground on one side or

the other. This would be facilitated by the

distribution of muscles seen in the advanced
romeriids. As a result of the lateral shift of

the cervical musculature, the postparietal

extends lateralK to usurp the position oc-

cupied b\ the tabular in Protorotlujris and
other primitive romeriids. The supratem-

poral narrows to give a greater surface for

the attachment of the spinalis capitis mus-

cles, attaching to the margin of the post-

temporal fossa.

THE ORIGIN OF THE
FAMILY CAPTORHINIDAE

As Watson (1954) and others have ob-

served and as has been further demon-
strated in this paper, the Lower Penuian
romeriid lineage including the genus
Romeria fonns a more or less continuous

transition from the primitive romeriid pat-
tern to that of the Captorhinidae. If these

two families are to be distinguished taxo-

nomicalh', it is necessarv to determine the

specific phylogenetic relationship between
them and establish what significant mor-

phological features can be used to differ-

entiate the assigned species.

Among captorhinids, onl\- the genera

Captorhinus and Labidosaunis need con-

cern us here. The many genera described
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by Olson (1970 and references therein)

and the newly discovered African form

(Taquet, 1969), all with multiple tooth

rows and other evidence of considerable

specialization, certainly evolved from Capto-
rhinus and/or Lo])idosaiiius, rather than di-

recth' from any romeriids.

Published accounts of Captorhimis bv
Price (1935), Romer (1956), Seltin (1959),
and Fox and Bowman (1966) are all based

essentially, if not entirely, on specimens
from the Arroyo Formation, Clear Fork

Group in Texas, or from the Fort Sill lo-

cality in Oklahoma of apparently ecjuiv-

alent age. These specimens can be differ-

entiated from romeriids by significant
diff(>rences in the dentition.

Both the maxilla and dentary bear multi-

ple rows of teeth. Tlie teeth are aligned in

three or four (depending on the maturit>'
of the specimen) overlapping rows, roughl\-

parallel to each other, but set at a slight

angle to the long axis of the jaw. The

presence of more than a single row of teeth

can be determined even in specimens with

the jaws closely clenched because the "mar-

ginal" tooth row is not straight, but

"stepped" where one tooth row is succeeded

by the next.

In well-preserved and carefulh" prepared

specimens, the rear teeth can be distin-

guished from those in typical romeriids b\'

the lateral compression of the tips and their

termination in a flat, chisel edge, in con-

trast to a sharpish point. Except for re-

cently erupted teeth, most show consider-

able wear.

In dorsal view, the skulls of the Arroyo

Captoihinus can be distinguished from

those of any romeriids by the lateral ex-

pansion of the cheek region. A line drawn

along the skull margin and extending back

to the quadrate is distinctly concave out-

wards, whereas in all described romeriids

the skull margin from the back of the pre-
maxilla to the quadrate is nearly straight.

The expansion of the cheek region is obvi-

ously associated with an increase in the ad-

ductor jaw musculature. This, in turn, may
be related to the change in dentition. The

jugal extends a process medially, behind the

maxilla, to reach the pterygoid. The lower

jaw has a conspicuous retroarticular proc-
ess.

Other features distinguishing the Arroyo

Captorhimis from the romeriids can be
seen in occipital view. The paroccipital

process of the otic capsule extends as a nar-

lowing rod anterior to an extensive occipital

flange of the squamosal. In romeriids, the

paroccipital process of the otic capsule is

not full)' ossified, and the occipital portion
of the sc|uamosal is not as extensive [com-

pare Fig. 15 of Protocaptorhimis pricei and
Romer's fig. 36F (1956) of Captorhimis].
In association with the expansion of the

jaw musculature, the angle between the

skull roof and the cheek region decreases

substantially (from approximately 70° to

60°). Although these specimens of Capto-
rhimis can readily be derived from the

known romeriids, particularly Protocapto-
rJiimts pricei, there is no problem of dif-

ferentiating the two groups or of accepting
the familial distinction. The latter is further

justified by the considerable subsequent
differentiation of the known captorhinids.

In addition to the specimens from the

Arroyo, Captorhimis has been recognized
in diminishing numbers from as early as the

Admiral or Belle Plains Formation. Ac-

cording to Seltin ( 1959
)

and Fox and Bow-
man

(
1966

)
all of the earlier members of

the genus can be included in the same spe-

cies, C. aguti, as the Arroyo form. Since

they were placed in the same species, one

Figure 20. Pictorial phylogeny illustrating the origin of the Captorhinidae from Permian romeriids. A, Protorotbyris

archeri, XI; B, Romeria primus, XI; C, Romeria texana, XI; D and E, two specimens of Protocaptorhinus pricei, XI;

F, type of "Parioticus laticeps," a possible ancestor of Captorhinus aguti, XI; G, UC 183, possible ancestor of i.ab/-

dosourus hamafus, X%-
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would assume from the literature that all

these specimens had multiple tooth rows,

and that this character had either developed

abruptly from the romeriid condition, or

that gradual evolution of the characteristic

had occurred in some other area at an ear-

lier time.

In an effort to determine more accurately
the time of evolution of Coptorhinus from

romeriids, a number of specimens from be-

low the Arroyo that had been attributed to

C. afititi were examined:

Belle Plains Formation

MCZ14S3. Skull with lower jaws. Trcma-

tops locality, west of Williams Ranch, J.

Gibbs Sui-vey A-566, southeast of Fulda,

Baylor County, Texas.

Clyde Formation

UC 196. Anterior part of skull and lower

jaws. Mitchell Creek, near Wichita River,

Bavlor Countw Texas.

UC 1043. Skull' with lower jaws. Mitchell

Creek, below Mabelle, Ba\'lor County,
Texas.

UC 642. Type of Pariotictis laticeps (see

Plate I). Complete skeleton. Mitchell

Creek, Baylor County, Texas.

UC 1119. Occiput. \\'ichita Rixer, near

Vernon Crossing, Baylor Count\", Texas.

MCZ 1740. Skull with' lower jaws. Weiss

localitv. Red Pasture Line House, sec. 7,

block's, H. and T.C.R.R., Willbarger

County, Texas.

MCZ2<S04. Skull with lower jaws. 1 mile

south of Electra, H.T. & B.R.R., survey

A-137, about middle of North Section

lines, Wichita County, Texas.

No specimens have been described from

the Lueders, a predominantly marine for-

mation between the Belle Plains and the

Arroyo.
All these specimens showed one or more

of the attributes of the specimens of Copto-
iliimis from the Arroyo, Init in no case were

nudtiple tooth rows discovered. Admittedly,

it has not been possible to prepare both the

maxillae and the dentaries from their oc-

clusal surface and some might show initial

de\^elopment of medial tooth rows, but in

no case has this feature reached the stage
of de\'elopment typified by the Arroyo
forms. The marginal teeth form a single,

straight row.

In UC 1043, UC 642, MCZ 1740, and
MCZ1483, the cheek region was expanded.
The occiput of UC 1119 (Fig. IS) showed
an angle of approximately 60° with the

cheek region, and the relationship between
the squamosal and braincase is as in Capto-
rJiinus.

Although much more remains to be done
in preparing and illustrating the material,

it defiiiitch' demonstrates a long and grad-
ual e\'olution of the typical captorhinid
features from the romeriid pattern. This

transition may be visualized as occurring in

the following sequence:

Development of the overhanging premax-
illa and loss of the tabulars —achieved in

the Moran Formation.

Straightening of the posterior margin of the

skull roof —initiated in die Moran,
achieved by the Belle Plains.

Lateral compression of the cheek teeth —
achieved in the B(>lle Plains.

Expansion of the cheek region
—achieved

by the Upper Belle Plains.

Extension of the jugal to the pterygoid
—not

obser\^ed until the Clyde.
Ossification of the lateral portion of the otic

capsule and medial expansion of the

squamosal —not known to be achieved

until the late Clvde.

Development of multiple tooth rows —not

observed until the Arroyo.

From the standpoint of evolution, this

makes a very logical sequence, suggesting
a change in feeding habits with gradual

morphological specialization. From the

taxonomic standpoint such a continuous

series of morphological changes creates a

number of problems, the most serious of

which is determining a practical point of
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division between the families Romeriidae

and Captorhinidae. A second prol)lem is

the taxonomic status of the forms from the

Belle Plains and Clyde Formations that re-

semble Captorhinus ap,uti, but have only a

single row of marginal teeth.

The specimens from the Belle Plains and

Clyde Formations that are intermediate be-

tween the romeriid Protocaptorhintis pricei

and Captorhinus aa^uti should be differ-

entiated taxonomically from both of these

species as well as from Lahidosaurus (see

below). A formal definition should await

more complete descriptive work than is pos-
sible in this paper. The specific name

laticeps is available for this taxon since the

type specimen of Pariuticus laticeps (UC
642) is included within this group. Wil-

liston's original generic name is not ap-

propriate, however, since it was origi-

nally applied to a gymnaithrid nucrosaur

(AMNH 432S, see Gregory, Peabody, and

Price, 1956). The name Captorhinus lati-

ceps might be used, but the morphological
and developmental significance of the evo-

lution of multiple tooth rows should prob-

ably be emphasized by establishing a gen-
eric distinction between these forms and

Captorhinus ai:,uti. Formal designation
awaits further preparation of the presump-
tive type and other related forms.

This newly recognized genus, with the

general appearance of Captorhinus aguti
but onh' a single row of marginal teeth, can

conxeniently be included in the Capto-
rhinidae since the expansion of the cheek

region makes it separable from romeriids

by casual examination. In Texas, the ear-

liest known specimen in which the cheek

region is expanded is MCZ1483 (Fig. IS),

from the Upper Belle Plains Formation. Al-

though it is very poorly preserved and badly

damaged by acid preparation, it illusti-ates

the first occurrence of the famib' Capto-
rhinidae in Texas. The posterior cheek

teeth are laterally compressed, like those of

Captorhinus aguti, and the orbits are lo-

cated at some distance anterior to the mid-

dle of the length of the skull. There is,

howex'cr, but a single row of marginal teeth.

They number approximately sixteen.

In Texas, at least, the romeriid-capto-

rhinomorph transition appears to be repre-
sented by a single lineage, with little or no

overlap in time. True romeriids give way
to forms with a swollen cheek region but

with only a singlc> tooth row in the Upper
Belle Plains, and these in turn are suc-

ccH'ded by typical Captorhinus aguti with

multiple tooth rows by the Arroyo. In

Oklahoma the succession is more compli-
cated. According to Olson

(
1970 ) Flcuris-

tion. here considered a romeriid, occurs

ill the \\'ellington Formation with a typical

member of the species Captorhinus aguti

having multiple tooth rows. This is the

same formation horn which Seltin (1959)
described Lahidosaurus oklaJioniensis, with

an cwpanded cheek region but only a single

row of marginal teeth. It is as if the entire

Texas succession were telescoped into a

single formation. The occurrence of these

(li\"erse forms in a single formation is demon-
strated by the fossil record. The only ques-
tion is the age of the occurrence. Accord-

ing to Seltin the Wellington is equivalent
to the Arroyo or Vale Formation in Texas.

If this estimate were correct, Pleurisfion

would be the last surviving romeriid. The

captorhinid with a single tooth row would
also be a relict, as is the similar form from

the Fort Sill deposit. Olson, on the hand,

suggests that the Wellington Formation is

considerably older, equi\alent to the Belle

Plains of Texas. The occurrence of Pleuris-

tion at this le\ el is not surprising, nor is that

of a captorhinid with a single tooth row.

The presence of a form with multiple tooth

rows is very surprising, however. It sug-

gests that this feature developed some two

Figure 22. Stratigraphic section of Wichita Group, Lower Permian of Texas, showing relative age of specimens described

in this paper. Information provided by Dr. Romer. Numbers refer to geographical locations shown in Figure 23.
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formations earlier in Oklahoma than in

Texas. This is possible, bnt it would be sur-

prising that the more primitive forms sur-

vived so much longer in Texas, with so far

no substantiated reports of C. (iis,uti before

the Arroyo.
Olson admits that the stratigraphic basis

for assigning any particular age to the Wel-

lington is still very weak. His faunal argu-
ments for comparison with the (nirlier beds

of Texas are reasonable, but are subject to

other interpretations. The significance of

the occurrence of these three captorhino-

morphs in the \^^ellington Formation cannot

be established until the age of the beds

can be dc^termined with greater accuracy.

CaptorJunus a<j,uti has also be(>n reported
from the Abo Formation in New Mexico

(Seltin, 1959). The specimen on which

this identification was based, UC 735, does

not include the skull, however, and so there

is no evidence for distinguishing it from a

romeriid such as Roncria or Protocapto-
rJiinus.

Whatever the evidence horn Oklahoma,
the evolutionary picture in Texas is cjuite

clear. Through the transition to capto-

rhinids, the romeriids dwindle in impor-
tance. In terms of both numbers and taxo-

nomic diversity, romeriids are much less

important than they were in the Pennsylva-
nian. With the development of a laterally

expanded cheek region, the early capto-
rhinids of the Clyde (juickly became much
more common, and in the Arrovo started to

differentiate taxonomically. It would ap-

pear that some change had occurred that

provided a great selective advantage for

this group. Although the e\'idence is lim-

ited, there do not appear to be any funda-

mental modifications in the postcranial

skeleton between ProtorotJiyris and Capto-
rhinus. Modification in the vertebral struc-

ture and limb proportion evidencc>d by
Protocoptorhinus indicates that the Capto-
rliinus pattern had becm achieved within

the romeriids. As with the earlier romeriid

dichotoni)' in the lowermost Permian, the

final phase in the romeriid-captorhino-

morph transition is best explained by con-

sideration of the jaw mechanism and denti-

tion. A notable feature in all well-preserved
and earefulK' prepared specimens of Capto-
rJtinu.s aguti, and the captorhinid jaws with

a single tooth row from Fort Sill, is the

severe wear of the teeth. The crowns are

flattened and even chippcxl, apparently as

the result of force from the occlusal sur-

face. Th(n-e is a variety of possible causes

for the gr(^at amount of wear observed in

these teeth. The animals may have been

crushing hard-shelled molluscs, arthropods,
or annelids; they may have eaten tough
plant food; or eaten cither plant or animal

lood dug from the ground and ingested
w itli a great deal of soil grit. Whatever the

food source or sources, it was apparently

very plentiful to provide for the enormous
mimber oi indi\'iduals recorded from the

Fort Sill locality. Judging from the prolifer-

ation of oth(>r captorhinid genera with

multiple tooth rows, it would appear that

the facilit)^ to have evolved extra crushing
surfaces was of considerable survival value.

Interestingly enough, the success of the

captorhinids was initiated (in Texas at

least) prior to the development of the extra

rows of teeth. A genus with a single row is

already fairly common in the Clyde. The
romeriid genera Romeriu and Pwtocapto-
rhinus show a preadaptation for the devel-

opment of multiple tooth rows as a result

of changes in the lower jaws. Because of

the mechanical disadvantages of holding
and crushing prey near the anterior end of

the jaws in this lineage, the mass of jaw

Figure 23. Geological map of North Central Texas showing geographic position of specimens described in this paper.

Drafted from a map prepared by Dr. Romer. Relative stratigraphic positions of numbered localities shown in Figure

22. Harpersville in Uppermost Pennsylvanian. Conspicuous "islands" in Pueblo, Moron, Putnam, and Admiral formations

are outliers from overlying formations.
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musculature must increase. Tliis placed a

selective advantage on widening the pos-
terior portion of the jaw for the insertion

of both the vertical adductor muscles and
the pterygoideus.

Although we have no knowledge of the

system of genetic control, it is quite pos-
sible that selection, acting to increase the

width of the posterior portion of the jaw,
would also lead to an increase in the width
of the tooth-bearing area. As this occurred,

it would be possible for morc^ than one

generation of teeth to be functional at one

time. On the assumption that there had

already been a dietary shift in the imme-
diate ancestors of Captorhinus aa.iiti that

led to rapid wear of th(> teeth, any disrup-
tion of the developmental pattern that led

to the premature eruption of replacement
teeth would ha\e a selective advantage.
Because of the initially greater width of the

dentary, this feature would be expc^cted to

appear first in the lower jaw, and later be

manifest in the maxilla. A great deal more

study is necessary before the exact pattern
of tooth replacement and its relationshi]-) to

the expression of th(> tooth rows in Capto-
rh'inus a[!.iiti are determined. This is cer-

tainK' possible from the wealth of material

axailable from the Fort Sill fissure deposit.
It is e\'ident from a casual examination of

this material that all teeth are continuously

replaced, with gaps in the tooth pattern ap-

proximately as common as in romcriids, and
that all tooth positions can show extensive

wear. The functional pattern remains es-

sentially unchanged from very small to \'ery

large specimens.
The phylogenetic position of Lahido-

saunis must also be e\'ahiated in order to

define the Captorhinidae. Like Capto-
rhimis, the definitive form of this genus is

from the Lower Clear Fork. The type spe-

cies, L. hanmtus, was described by Cope
(

1896
) from the Arroyo Formation. The

skulls of the type species are commonly ap-

proximately twice the size of those of

Coptorhinus aguti (see Seltin, 1959: 502),
have an even more conspicuously expanded

cheek region and a down-turned premaxilla,
but only a single row of marginal teeth.

The jugal apparently does not extend me-

dially to reach the pterygoid. The similari-

ties in the morphology of the individual

teeth and the pattern of the skull roof are

adequate to unite this genus in the same

family as Captorhinus, despite the difference

in the dental pattern. It is generally as-

sumed that the two genera have a common
anc(\stor, already spc^cialized abo\'e the level

of t\pical romcriids.

The situation has been confused taxonom-

icalh' by the extension of the term Lahido-

satinis to forms with a skull size and shape
similar to Captorhinus oguti, but with only
a single tooth row, e.g., L(i])idosatirus okJa-

homcmi.s, described 1)\' Seltin (1959) from

the \\'ellington Formation, and numerous

Captorhimis-sizcd jaws from Fort Sill, Okla-

homa, generally considered efjuivalent in

age to the Arroyo of Texas. Seltin suggested
that /.. o]<la1}omen.si.^ was a morphological
intermediate between Captorhinus aguti
and Lahidosaurus hamatus, and structurally
antecedent to the former, although he cited

the Wellington Formation as equivalent to

the Arroyo or even \^ile. The term La])ido-

saurus has hence come to be applied to two
or possibly three different categories: both

large and small forms from the Arroyo or

later formations and small forms hypothe-
sized to have existed in earlier formations

that were true antecedents of Captorhinus

aguti. In order to define more clearly the

taxonomic boundary between romcriids and

captorhinids, it is necessary to separate
these different usages of the term Lahido-

saurus. Re-examination of the large xA.rroyo

forms makes it e\'ident that the\' can be

readily segregated from any Captorhinus-
sized species. In particular, the great in-

crease in the width of the back of the skull

has necessitated a complete reorganization
in the manner of support for the braincase.

The braincase is, relatively, much smaller

in Lahidosaurus hamatus. The paroccipital

process does not extend to the middle of

the squamosal, but rather is supported by|
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the posterolateral margin of the parietal

(see Case, 1911, plate 12, fig. 2). The par-

occipital process and the stapes both have

ver\' mucli longer stems than is the case in

Captorhhius. Since these features are pri-

marily an adjustment to the greater size of

this particular species, it is clear that it

would not occur in smaller forms. The in-

crease in size, together with the necessary

adjustment of the braincase, seems suffi-

cient to separate^ Lahidosuurus Junnatus

generically from currently known animals

the size of all known specimens of Capto-
rJii)}iis Uii^uti.

The necessit)' of differentiating between
the ancestors of CaptorJiinus a^iiti and
LaJ)idosaurus Junnatus is emphasized b\" the

auatoniN' of an additional specimen from
tlic Ch'de Formation. With one excep-

tion, all the specimens that have been as-

signed to Labidosaunis hamatus haw come
from the Arroyo Formation. One skull,

attributed to this species by Seltin, CNHM-
UC 183, comes from the earlier Clyde
Formation of Mitchell Creek, Texas. This

skull
(

Plate I
)

is smaller than those of most
described specimens of L(i])i(Jos(iuru.s hama-

tus, but far larger than any described for

CaptorJiimis a<j.uti. Its general anatonn-

suggests that it is a reasonable antecedent
for the Arroyo specimens of Lahidosaunis

hamaius^ although it differs in several re-

spects.

This skull has a single toutli row, with
four premaxillarx' teeth and t\venty in the

maxilla, the sixth of which is considerabh'

larger. The posterior cheek teeth are not

laterally compressed, but show consider-

able wear. Detailed comparison with Lah-
idosaunis hamatus would require extensive

preparation and description of that species
that is beyond the scope of this work. Some

general features can be noted, however,
based on the published descriptions and

CXHM-UR161. illustrated by Seltin (1959).

The tooth count and position of the "ca-

nine" are identical. The distance between
the orbits is relatively greater in the more

primiti\e skull; the snout is considerably

less acuminate anteriorly. The cheek region

may be somewhat expanded, but not as

much as in the Clyde specimens that re-

semble Captorhinus aiiuti. The cheek and
skull table meet at a sharp angle. The con-

figuration and nature of support for the

l)raincase appear like that of advanced
romeriids, rather than having the peculiari-
ties of Lahidosaurus hamatus. The skull

roof is notabh' shorter than the posterior

margin of the cheek. Except for this last

feature, these characteristics resemble those

of Protocaptorhinus pricei. The relatively
narrow cheek region, noncompression of the

postcn'ior cheek te(>th, and absence of a

medial extension of the jugal suggest that

this specimen evolved directly from romer-

iids such as Protocaptorhinus, possibly in

the late Admiral or during the Belle Plains,

rather than from the immediate ancestor of

CUiptorhinus anuti. This specimen may rea-

sonal)l\- be placed in a species distinct from

La])idosaurus Junnatus, but formal descrip-
tion must await further work on that spe-
cies.

Tlie establishment of an almost ccmtinuous

sequence between romeriids and capto-
rhinids complicates the definition of both

groups. Since both names are widely used

in the literature and encompass the ap-

proximate bounds of two distinct patterns
of morphological and taxonomic diversifica-

tion, it is of ob\'ious advantage to retain the

accepted usage as closeh' as possible. Phylo-

genetically, the most practical point of divi-

sion would be at the dichotomy between
the topical romeriids, such as PaleotJujris

and ProtorotJiyris that have a straight tooth

row, and the Lower Permian genera that

have evolved a hooked premaxilla. The t\vo

lineages are readily separable morpholog-
icalK- and presumabh' had adapted to dif-

ferent manners of feeding. This point of

division has, however, the lamentable taxo-

nomic implication of remo\'ing the t)"pe

genus from the family Romeriidae. Since

the name Romeriidae has long been asso-

ciated with the phylogeneticalh' most im-

portant family of Paleozoic reptiles and also
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honours one of this century's greatest con-

tributors to xertebrate paleontology, an

alternative point of separation should be

considered. In order to include the com-
mon ancestors of both Captorhimis ap.uti

and L(i])i(losaurus hanuitus within the

Captorhinidae, the division must be made
below the Clyde. On the basis of the pres-

ently available material it is fairly easy to

differtMitiate the romeriid Profocaptorhinus

pricei from the ancestors of Cupiorhimis b\'

the configuration of the check region and
from the ancestors of Lahidosaurus on the

basis of size. From an evolutionary stand-

point this is a logical point of division, since

the taxonomic di\'ersification and numerical

success of the Captorhinidae both occur

subsequent to this division.

RELATIONSHIPS OF ROMERIIDS
WITH OTHER REPTILES

Although much of this papcM' has bc>en

devoted to the close relationship b(>twcen

a particular group of Lower Permian romer-

iids and the family Captorhinidae. the ad-

ditional information on romeriids pro\'ides

a basis for discussing the origin of other

reptilian groups as well. During the past
ten years, all of the specimens that might
be included in the Family Romcriidae hav(>

been studied. Two or three incomplete

specimens from the Lower Permian of

Texas remain to be described, but they do
not substantial!) alter the picture provided
b\ the descriptions already published.

Of all known groups of Paleozoic rep-
tiles only romeriids are sufficiently general-
ized to be ancestral to anv of the sub-

sequent lineages. All of the members of

this family that have been described con-

form to a single, basic morphological pat-

tern, showing progressive modification of a

series of skeletal features, but within rather

narrow limits. On the assumption that the

known record is representative of the total

differentiation of the family, it is possible

to specify both the time and particular

phylogenetic position of the derivation of a

large proportion of the advanced reptilian
orders. The position of several groups has

been discussed in previous papers (Car-
roll, 1969a; Carroll and Gaskill, 1971; Car-

roll and Baird, 1972), primariK' on the basis

of the Pennsylvanian romeriids. The pro-

gressive evolution of all known members of

the family in the Lower Permian places an

apparent upper limit on the derivation of

some groups whose earliest known appear-
ance might otherwise ha\'e allowed deriva-

tion in the earliest Permian.

Pelycosaurs. On the basis of both their

early appearance and generalized morphol-

ogy, pelycosaurs have long been accepted
as diverging from the main reptilian stock

at a \'(M-y earh' stage. E\'id(>nce of pelyco-
saurs from the Westphalian B of Joggins,
Nova ScoHa (Carroll, 1964), and the West-

phalian D of Florence, Nova Scotia
( Reisz,

1972), emphasizes the close relationship of

pelycosaurs and romeriids and indicates

that the two groups dix'crged from one an-

other shortK' before the appearance of the

(>arliest member of either lineage in the

Lower Pennsylvanian. The definition of

the family Romcriidae could easily be ex-

tended to include the earliest Pennsylvanian
and or tiu^ latest Mississippian forms that

w(>re ancestral to both known romeriids

and p(>lycosaurs. Such forms would, in

fact, be barely distinguishable from Hylon-
omtis lyelli.

Mesosaurs. The mesosaurs are also cer-

tainly direct romeriid derivatives. Members
of this group are known only from the Penn-

svlvanian-Permian boundarv, bv which

time they are already highly specialized in

their cranial anatomy. Tlieir postcranial

skeleton is less specialized and suggests
deri\'ation from romeriids at about the

level of development exemplified by Paleo-

tJiyris in the Westphalian D.

Aclisterhimis, Batwpete.s, BoJosaurus, and

Eunotosaurus. Although many details of

the anatomy of the genera Aclisterhinus

(Daly, 1969), Batwpetes (Carroll and Gas-

kill, 1971), and Bolosaums (Watson, 1954;

Carroll and Gaskill, 1971) remain to be
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studied and their interrelationships are not

firmlv estal)hshed, these forms have a num-
ber of peculiarities in common. All may
luue evoh'ed from rather primiti\'e romer-

iids in the early Pennsxhanian or from one

or more persistenth' primitive lineages in

the middle or late Pennsylvanian. The

primitive expression of a single pair of

sacral ribs and the reduced number of ver-

tebrae make Etinotosaiiius a possible mem-
ber of this ill-defined assemblage. As em-

phasized by Cox (1969), it is clearly a

derixative of the primitive captorhinomorph

assemblage.
Araeoscelidae. The Araeoscelidae

(Vaughn, 1955), known from the North

American genus Ameoscelis and the Euro-

pean Kadaliosatiriis, resemble most closeh-

PaU'otlujri.s among known romeriids and

presumably evolved from forms of approxi-
inatel\- that lexel of de\'elopment, in the

middle part of the PennsyKanian.

Lc'))i(l()S(iurs. The ancestr\' of the lepido-
saurs can be closely associated with the

romeriids. Watson (1957) made a very

plausible case for accepting the millero-

saurs as ancestors for the typical eosuchians.

including younginids and prolaeertids,

themselves ancestral to tlu' living lepido-
saur orders. Although Watson suggested
that tlu> millerosaurs had exoKcd from a

group other than the captorhinomorphs,

Parrington ( 1958
)

demonstrated the ()\'er-

whelming similarities between millerosaurs,

romeriids, and pelycosaurs. The known
millerosaurs are all from the middle and
late Permian and suggest that both the lat-

eral and dorsal temporal openings appeared
fairl\- late in the exolution of this group.
Both the skull and the postcranial anatomy
of the millerosaurs indicate derix'ation from

romeriids in the middle to late Pennsylva-

nian, prior to the evolution of the cranial

specialization seen in Coelostegus, Protoro-

thyris\ or the Romeria-Captorhinus lineage.
The skull is noticeably small relative to the

length of the trunk region. The tabular re-

mains large and the paroccipital process
does not extend to the squamosal.

An alternate ancestry for the typical
c^osuchians was suggested by Peabody
(

1952 ) in his description of Pefrolacosaurus

from the Upper PennsN'hanian of Kansas.

He claimed that this animal had two tem-

poral openings and so was ancestral to later

diapsids, despite the primitive nature of

the remainder of the skeleton. The presence
of two temporal openings has been dis-

puted by other workers and Sto\'all et al.

(
1966 ) suggested that this genus was an

edaphosaur pelycosaur. Additional ma-
terial ol Pefrolacosaurus, discovered by
Peabod}' and Eaton, is currentK' being
studied b\' Eaton and Reisz. These speci-
mens show that there are indec^d two tem-

poral openings. The remainder of the

cranial anatomy resembles that of primitive

romeriids, while the girdles and limbs bear

marked resemblance to those of the araeo-

scelids. The region of the ([uadrate and otic

capsule are not well preserved, but there is

no compelling e\'idence of the tympanum
being supported by the quadrate in the

manner of both millerosaurs and typical
eosuchians.

Whether adv-anced lepidosaurs evolved

from millerosaurs or from Pefrolacosaurus

or some other, as yet undetermined, inter-

mediate forms, their ultimate derivation

evidently lies with Middle Pennsylvanian
rouKTiids such as Paleothyris.

ArcJ}osaurs. Our current knowledsre of

the romeriids adds little to our understand-

ing of the ancestry of archosaurs. The ear-

liest known members of that group, from
the uppermost Pennian, are already far

advanced in most aspects of their skele-

tal anatomy from the primiti\'e reptilian

pattern. Clearly, the ancestors of these

forms originally arose from romeriids, but

whether via primitive eosuchians (Watson,
1957), varanopsid pelycosaurs (Reig, 1970),
or some group as yet unreported (Romer,

1967), cannot be determined. Among
romeriids, the greatest similarity to archo-

sam's is found in Proforofhijris. This is

mainl\- due to the large size of the skull

and the large skull to trunk ratio. Although
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Figure 24. A, occiput of the Triassic turtle, Progonoche/ys, sketch based on photographs in Parsons and Williams (1961]

B, occiput of Proco/ophon. C, occiput of Protocaptorhinus pricei.

this genus might be slightly closer to

archosaurs than are other known romeriids,

the similarities are not even close enough
to differentiate between romeriids and

pelycosaurs as potential archosanr ances-

tors. At present it does not seem appro-

priate to specif)" romeriids as any more
than the ultimate ancestors of archosaurs.

Chelonian ancestry. The ancestry of

turtles remains one of the greatest un-

sohed problems in reptilian phylogeny.
Since they lack lateral or dorsal temporal

openings, it can be safely assumed that the\-

did not evolve from any of the advanced

reptilian groups with synapsid, diapsid or

parapsid skull configurations. If phyletically

reptilian, they could ha\e evohed onh'

from primitive anapsid forms. Although no
real intermediate forms are known, rela-

tionship with various "cotylosaurs" has been

suggested: pareiasaurs (Gregory, 1946);
diadectids (Olson, 1947); and procolo-

phonoids (Romer, 1964 and 1966). The

interrelationship of these groups and their

phylogenetic position relative to other

primiti\e reptiles is subject to continuing

dispute. None seem to have evolved from

romeriids as such. If turtles had evolved

from any of these groups, they would be

only distantly related to the remaining rep-
tilian subclasses, all of which may be rea-

sonably traced to the romeriids.

In working with Protocaptorhinus and

Captorhinus, one is struck by the similari-

ties in the occiput to the primitive chelonian

Proiianochelys (Fig. 24). In both the

captorhinomorphs and the turtle there are

large posttemporal fossae, separated by a

narrow supraoccipital. The paroccipital

processes extend laterally toward the squa-
mosal and are braced against this bone in

Captorhinus. The tabular is missing.
The significance of the occipital struc-

ture is apparent if one considers the nature

of the jaw musculature in turtles. As Gaff-

ney (
1971

)
has emphasized, the specialized

jaw musculature in turtles is nearly as sig-

nificant as the armor in differentiating this

group from other reptiles. The main ad-

ductor muscle extends posteriorly from the
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normal reptilian .subtemporal fossa over the

otic capsule (or a special process of the

pterygoid in pleurodires )
in the fashion of

a pulle>'. and inserts on the supraoccipital.
In both groups of turtles and their common
ancestor, a strong union between the par-

occipital process and the cheek region is

necessary. This is alread\' established in

Pro'fianochchjs. This relationship between
the paroccipital process and the cheek re-

gion is also de\eloped in both lepidosaurs
and archosaurs, in association with the de-

\elopment of an otic notch in the quadrate
and the establishment of temporal openings.
The only anapsid groups in which there are

large posttemporal fossae abox'e the par-

occipital process are the adxanced romer-

iids and captorhinids.
Parciasaurs and procolophonoids seem

particularly inappropriate ancestors for tur-

tles because the\- ha\e a totalK' different

configuration of the occiput. Comparison ot

procolophonoids with both Froiianochchjs
and early captorhinomorphs is relati\'el\-

simple since they are of similar size (Fig.

24). The paroccipital processes of the

braincase in procolophonoids are directed

dorsolateralK" toward the tabulars, as in

anthracosaurs and the primiti\'e genus
Limnoscelis (Carroll, 1970). h\ the well

known primitive genus ProcolopJwti, the at-

tachment of the braincase to the skull roof

is loose, and the two are easily separated.
The quadrate ramus of the pterygoid retains

a primitive configuration, effectively sepa-

rating the jaw musculature from the oc-

cipital surface. The main adductor muscu-
lature is essentialK' \ertical in orientation

and the posterior margin of the orbit is

emarginated in order to proxide a larger
area for its expansion.

Although Procolophon is not the most

primitive of procolophonoids, the primiti\e
features of the jaw musculature that it ex-

hibits would effecti\el\- bar both it and its

immediate ancestors from giving rise to

turtles. Consideration of parciasaurs is dif-

ficult because of the great size and corre-

sponding modification of the skull in all the

described genera. As in procolophonoids,
the jaw musculature is effectively separated
from the occipital surface by the quadrate
ramus of the pterygoid and the quadrate
itself. The paroccipital processes are ori-

iented dorsolaterall\% effectixely preventing
their attachment to the squamosal or the

de\'elopment of large posttemporal fossae.

It is certainh- more difficult to envision

the development of chelonian jaw muscula-

ture from parciasaurs, procolcjphonoids, or

their immediate ancestors than from ad-

vanced romeriids. Such a derixation for

turtles has the aesthetic adxantage of relat-

ing them to the main stream of reptilian

exolution. although at a much later point
of derixation than has txpicalK' been as-

sumed.

One can argue that many of the factors

inxohed in the origin of the chelonian jaxv

musculature are comparable xvith the

changes that occurred in the origin of

CapforJiinus from romeriids. In both cases

some factor in the relative abundance or

nature of the food supply placed a premium
on the development of a greater amount of,

and more efficient use of, the jaxv muscula-

ture. From a basic romeriid skull configura-

tion, the cross-sectional area of the subtem-

poral fossa has increased, resulting in a

lateral expansion of the cheek region. Some
time betxveen the Loxver Permian and the

Upper Triassic the jaxv nuisculature of the

ancestors of turtles expanded medially and

posteriorly over the quadrate ramus of the

pterygoid and took origin on the margins
of the posttemporal fossae —on the upper
surface of the paroccipital process and the

lateral face of the supraoccipital. This is

easily conceixed from an adxanced romer-

iid or a primitive captorhinid pattern.

The relatix'ely short cheek region in

Proganochelys and presumably its ances-

tors xx'ould have placed a premium on the

exolution of some compensatory change in

the jaxv musculature. The posterior pro-

longation of the squamosal and supraocci-

pital xvould hax'c proxided for an ex^en

larger amount of jax\- musculature than
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Figure 25. Phylogeny of romeriid descendants.
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could ])(• pii'st-nt in a captorhinomorpli with

a much longer cheek region. PresumabK'
the otic notch, little developed in Prof!.ano-

chehjs. (>\ol\'ed secondarily beneath this

process.

I chthijo pterygia and Eunjapsida. Unfor-

tunately, elucidation of the anatom\- of the

Lower Pennian romeriids casts little light
on the origin of the specialized aquatic rep-
tilian subclasses Ichthyopterygia and Eur\'-

apsida. Wewould prefer to accept Romer's

(
1971 ) assumption that the)' share a com-

mon ancestry with other reptilian sub-

classes, rather than Kuhn-Schnyder's ( 1967)

suggestion of multiple, separate origins
from amphibians, but an obxious point of

departure of any of these forms from th(>

romeriids cannot yet be established.

Procolophonoids and pareiasaurs. Further

groups that are usually considered to be

among the reptiles should be discussed in

coimection with the romeriids. Despite the

apparent!) primiti\el)- anapsid condition

shared by procolophonoids and pareiasaurs.
neither group can be readil)- derived from

ail) romeriids. Although restricted to the

Middle and Upper Permian, all known par-
eiasaurs are large, high!)- specialized ani-

mals. The specializations of the skull, in

association with their large size, preclude

simple comparison with au)^ of the groups
of small, primitive reptiles. It is generally

accepted that they are most closely related

to the procolophonoids, but the similarities

are primaril)- confined to the common ab-

sence of temporal openings and the pres-
ence of other strictl)^ primitixe features. The
dorsolateral orientation of the opisthotic,
common to the pareiasaurs, may, as m
Lahidosaunis hanuitiis. be a result of the

great lateral extent of the cheek region and

may not be a primitwe trait. If so, this

eliminates one of the few bases of compari-
son with procolophonoids, without pro\'id-

ing an)- e\'idence of other possible relation-

ships.

Because of their small size, procolophon-
oids are more readily compared with

romeriids. As was mentioned recenth' in a

separate paper (Carroll and Gaskill, 1971),
the configuration of the occipital region
in procolophonoids is distinctly more primi-
ti\'e than is that of romeriids or their imme-
diate deri\ati\-es. In this characteristic they
more closeh" resemble Limnoscelis and the

anthracosaurian ancestors of romeriids. Un-
less it can be shown that the procolophon-
oid condition can be derived from that ob-

ser\ed in the romeriids, it must be assumed
that the two groups have a separate ances-

tr)', prior to the appearance of the earliest

known romeriids. The highly specialized
nature of the pareiasaurs make it more dif-

ficult to preclude the possibilit)' of romer-

iid ancestr)'. but at present it cannot be

established.
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